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PREFACE 

the present volume an attempt is mad} to collect 
and classify the work which ’has been brought for- 
ward to explain the action of dycdng, mordanting 
and Jake formation. 

The general t(‘xt-books on dyeing dc’vote little 
space to this particular side of the question. They 
deal with the operations of the dye-house, rather 
than with the princijdes which seem to govern the 
actual practice of this branch of industry. 

* It is advisablt? that the modern dyer should have 
some llfiowledge of the general reactions^ which give 
rise to the results obtained in the many processes, 
involved in the dyeing, and bleaching of textile fibres. 
Without some* such knowledge, it is difficult to 
appreciate their nature ; or be in a position to control 
their working in a systematic manner. 

To obtain this under present conditions, it is 
necessar}' to^ make a more, or less, tedious search 
over the scientihe and technical journals of the last 
thirty yearS| 

This same* difficulty presei'H:s itself to the student, 
who wishes t(i> engage in research on this interesting, 
but little understood subject. , 

It^, perhaps, equally difficult for the dyer to 
oljtain infonnation of those branches of physical 
science, which will possibly give an explanation 
of many of the mordanting and dyeing opcratiotis 
met with in daily practice. 

* With the extension of our knotvledge^of general 
physics, and the brcaking;^down of the artificial 
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barritTS set iij)^ (hiring the niruetccnth century be- 
twc'(‘n the (iiflerent branches of ^experimental scie;ice/ 
has come a wyc^er outlook/ The subject beforJ us* 
forms an int(al»sting chapt(^r in the ev.olittiqn ^f 
theon'tical s])(‘c^ilAtion in its application Jto^he 
principle's of a well-known, but little . luicRrstobd 
industrial ])roc(‘Ss. . f 

From' tli(' vc'rv nature* and romple^vity of the 
subject, it is more than likely, tliaT^ any furftier 
advanr(' ii our knowl(‘(*lge will come from withjfi 
the industry itself. \Vith the increasing number 
ot chemists who are dt'voting their time to this 
subject, and gradually displacing the “ ruli of 
thumb ” iiK'thods of the* past, this doc'S not ajipear 
ro bc‘ im])robabk‘. « 

At the ])resent time, the afi of dye'ing may be 
said to be in advance of the science of the subject. 
rh(* first st('p towards restoring the' balance, •'is^ 
to take a general survey of the work done in 
th<" past, by the many imTstigators who hav^’’ giv(m 
this matter their attention. The foundation on 
which we rest our ])res(‘nt ideas of the nature of 
tlu' dyc'ing ])henomena met with in our dye-houses, 
and finishing factories, must be realised before any 
further advaiKe is possible. The subject has been 
treated from this ])oint of view. The obiect of this 
book is to gi\’e the practical dyer, and student, a 
collected record of tlu‘ work done in the past, so 
that it may be available for reference. ( 

It is only by reh'rrfng back the obs^erved pheno- 
mena in dy(‘ing to the first principles 'of chemistry 
and physics, that we can expect to advance beyond 
the present state of uncertainty as to the naiare of 
the actions involved. * * ♦ 

The nei d for further research along systematic 
lines is urgent. IMuch^nighl^ be done in thc^ dye- 
ing departments^of our technical institutions, jf ^ 
definite sduune of research could be devised, \nd 
carried out. 



• lueii, penidps, .the process of, dyeing witK all 
•chat it entailSjWill take its plage in tlfe general scheme 
•of p*liysical science. * 

^tudy of the name indc.\?* tndicates how 
littl of this work lias been don? in England, and 
th^^ steps ,wliich are necessary in the future, if this 
couny'V is to hold its own in the dyeing industry. 

Tne dyer mus^ watck other things besides his . 
dyespots, aiicl his tinted yarns. He must know some- 
thing of the general reactions of colloids, ^as typical 
of those which may possibiv^ take place in th(‘ sub- 
stance of the materials he has to prepare, and dye. 

It i->gimpoiiant too, that he should have some know- 
ledge of the general principle's which seem to govern 
solution, and the action of temperature, &c., on the* 
dye liquors, and libus. 

This book is therefore written to supply the 
practical man with this knowledge. It is also hoped 
That it may induce the student to embark on original 
work, tfnd by supplying him with an outline of what 
has been already done on the subject, indicate new 
liner on which further work may be undertaken 
with ad\aintage. A close study of this subject on 
systematic lines, and in its wider aspect, cannot fail 
to lead to important results. 

It is difficult, under present conditions, to entirely 
do away wit^ the divisions, which still exist in con- 
nection with the study of dyeing phenomena. While 
sympathising with those who are ready to take 
this step, the author feels tlfat had this book been 
writ1 en on these lines, it would have been less useful 
to the majority of readers. 

It ^ quite possible for the student to steer a 
middle course, and, keeping for convenience the old 
divisions before him, to remember that the general 
scheme ©f research is an artfficial one at best, and 
that t^ie recognised divisions* are of an arbitrary 
natufe. This is being demonstratea^ daily.. All that 
the student in dyeing, or the.fractical djer, needs to 
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remember is, thcj.t these divisions arc upheld on 
grounds of general convenience. ^ 

I'o the gc‘n^Tal student' df cliemistry it is doufitful 
wh(‘ther there at the present tinie a mpre.fruiyul 
subj(‘ct ol r(‘si'ar^h^than that of dyeing. It is helped 
that -the publication, ol the chief work which has bl^en 
done on the subject in the past in the presen|| form 
will tt‘nd to increase the intei'^est taken in this 
subject, and at the same time raise the standarti of 
th(‘ work doiK'. •• 

W’luTc'ver possible,^' references liave been given 
to llu' original conwnunications in which tlie recorded 
fac'tsliavelirst appeared, in ordtT thatfullcr knowiedge 
may be obtained lor special })urposes. 

The facts mentioned und/.T their different head- 
ings art‘ also, as far as possibk‘,">put forward in their 
historical sequeiu'e. 

. In this way the gradual development of 4 he 
subj(‘ct under rc‘view may be followed from the 
earliest investigations, and sjxTulations, of^ Hellot 
in tlu‘ year 1734 to the* pr(‘sent time ; and an insight 
into the probable nature of dyeing obtained. 

This can hardly fail to be of interest to the dyer, 
whose aim should be, lirst of all, to understand the 
j)rinciples which control the many and \’aried oj)era- 
tions of dyeing, and by this means obtain jmore 
regular and satisfactory results in the practice of his 
art. 

The author wislu's to express his thanks to Mr. 
W. A. Davis, B.Sc., f6r his help in the revision of 
jiroofs and for his valuable suggestions. 

The Author. 


September 15 , 1906 , 
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CHEMISJRY.AND PHYSICS 
OF DYJHNG 


CHAPTER I 

HISTORICAL INTRODUCTION 

0 

The art A dyeing lias been practised for long ages. 
Its origin is lost in anticpiity. There is distinct 
•evidence that operations of this nature w(‘re carried 
on in •Persia, Egypt, the Jiast Indies, and Syria in 
early days. The Tyrians excelled in the ])roduc- 
tion of the celebrat(.‘d purple of Tyre, and seem to 
have made its manufacture one of their chief occu- 
pations. This colour was noted for its richness- 
and durable qualities. It is believed that the 
metliod of c^^eing this colour was invented about the 
year 1500 i^c. Wool dyed in this way sold in Rome 
at a price equivalent to £20 per pound. 

The purple of Tyre seemed to vary in its colour. 
Pliny mentioned that the shade yaried from a faint 
scarle?.to t^e rea of coagulated bullock^s blood. 

* The origin of the shell fish from which the colour 
was developed seenjed to* determine the shade. 
d'h«^ Atlantic variety gave the# darkest colours, 
whiled:hose obtained off the Phoenician shbre yielded 
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the scarlet sha(J«s. The dye prepared from .thestT 
varieties of shell fish* was, prebably developed* by^ 
some process exact nature of the 

operation being ^unknown. 

The secret of the production of this c.olour \tas 
carefullv guarded, and in this a virtual jiiono- 
poly was established. 

It was 'not until the fourteenth century that t]jue 
art of dyeing flourishecl in Europe. Florence was 
one of the headcjuaVters of this industry. 

An inferior cochineal, or kermes, was collected 
by the Arabs about this period. 

This same product was knov\fn to the Greeks and 
Romans under the name coccus. It is interesting 
to 'note that between the ninth and fourteenMit 
centuries, the rural serfs were obliged to deliver to 
the convents a certain cpiantity of this dye annually. 
A great deal of this German kermes was consumed 
in Venice for the dyeing of scarlet. 

Pliny (“Hist. Nat.” lib. xxxv. cap. ii) draws 
attention also to the extraordinary method of dye- 
ing linen in Egypt. They clearly developed the 
colour on mordants in this case. ^ 

A great change casne about in the dyeing in- 
dustry with the disco\-ery of America. With the 
trading which sprung up between the two continents 
many very valuable dyewoods were ijitrodffced to 
Euroi)e. Among these may be mentioned cochineal, 
logwood and annotto. 

About this tigie also Oricelfi discovered the action 
of ammortiacal liquors, on certain lichens with the 
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^ production of coloured bodies which might be 
us^d for dyeing organic fibres. These have oWy 
given way before the aniline r#feurs. A great 
development took place about the; year 1630, when 
till salts were introduced as a mordant in the place 
of aVim p and with this introduction we have the 

. • <k 

productioif o^ the first really brilliant colours on' 
fibres. As the result of tlie discovery, a large dye- 
house was established at Bow. ('ochineal was dyed 
on Uiis mordant with great success, and the colours 
produced in this district were justly celebrated 
for their jnirity and .beauty. • 

In thr year 1548 the first text-book on dyeing 
appeared. The production and publication of this 
'book had a great effect on the art in Germ*any, 
France and England. The dyeing operations in 
these countries were greatly extended as a result ; 
and the almost complete monopoly which had 
existed for nearly a century or more in Italy was 
gradually broken down by this natural extension 
of the industry. The year 1667 was a most im- 
portant on(! for England. A Fleming coming to 
England brought with him the art of dyeing wool 
in a state of great perfectmn. Since that date it 
ha^ been maintained at a high level in this country, 
and sets a standard to the worl^. 

Wilh thjs increased activity came the publica- 
tion of several works on the subject. This greatly 
wideaeS the interest^ taken in this important and 
lucrative branch of industry. 

TJje dyeing with woad^^was of imjfortance in 
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this country, ard the introduction of indigo, with 
its superior colours on wopl, created a scare amofigst 
those interestS:\ 5 i in the woad industry. Severe 
measures were taken by the government to’ keep 
this product out of* the country. It was- not until 
the reign of Charles II. that its .use was- perRiitted 
in the English dyehouse. 

As might be expected it gradually replaced the 
native woad, until to-day the latter is only used 
in limited quantities for the “ indigo- woad bath 
in some special dyeing districts. 

In the eighteenth century the art made great 
progress. About this time madder was used in 
large quantities and quercitron introduced. Mor- 
dants were also manufactured in a purer state, with 
the natural result that the colours were corrrspond- 
ingly brighter in shade and of increased beauty. 

.Miiu'ral colours w(‘re also introduced and used 
in the colouring of fibres, being precipitated in their 
substance. In the year 1734, Hellot published his 
celebrated book on wool-dyeing, and this again led 
to the natural extension of the industry. “ Uart 
de la teinturc des laines ct des etoffes de laine’’ was 
a most important work, and its influence was great 
on the industry. 

'About this time, also, the value of Turkey red 
as dyed in India gradually impressed flie European 
dyers with its great and almost unique value. As a 
result of this, the French government in 1765 caused 
the details of this process of dyeing to be published. 
To-day the seat of this industry is in Europe, 
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although it may possibly drift back to the East 
again. Two other iTnpjrtant books were publislied 
in Franca during this century. 

Ic Pileur d’Apligny in 1776 published “ L'art 
de h teinture des (ils et ‘etoffes de cbton/’ 
which has been ^nierally recognised as marking a 
stage in the development of this subject. 

Les elements de TarjL de la teinture/' by 
Berthollet, published in 1791^ and La chimie 
appliquee aux arts/’ by Chaptal, in 1807, greatly 
added to the knowledge of dyeing. 

These publications undoubtedly tended to gi\^e 
to France that superior position which she has so 
Iqng held in the art of dyeing. Their influence is 
difficult to over-estimate. The list of important 
books published in France on this subject must also 
include the following: 

Legons de chimie appliquees a la teinture/’ 
by Chevreul in 1828-18 ji ; “ Traite de chimie 

appliquee aux arts,” in 1828-1846; Lemons de 
chimie industrielle,” by de Girardin, published in 
1837 i '' Traite theorique et pratique de Fimpression 
des tissus,”*by Jean Persoz (1846) ; “ Cours elemen- 
taire de teinture,” de Vifalis (1823) i Manuel 
complete de teinture,” Vergiiaud (1832). 

Aryther great step in dyeing as practised in 
E^irope’was^taken during the early part of the eight- 
eenth century. Calico printing in its rudimentary 
stage* was introduced. Thisdndustry has grown *to 
fenotaious proportions. This very rough sketch of 
the early days of dyeing brings us up to the time 
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when dyers bcgaVi to study the theoretical basis o 
their operations, and to trace* the possible actifen: 
of dyes and fibres; and the part which tli^y ’'espec- 
tively played in the process oi' dyeing. 

From these early speculations by easy stages ou; 
knowledge of this subject kas gradually develSped 
When we look back, remembering the elementkr} 
state of scientific knowledge of those days, and tht 
admittedly complex nature of the processes o 
dyeing, we cannot but give a full measure of pijaist 
to the work of the early investigators, before whose 
eyes the first opening out of this subject must have 
been of great interest. 

I;>en to-day, with our extended knowledge, 
are yet ignorant of the exact and complete causes 
which bring about many of the complicate'd and 
varied effects, which are classified under the com- 
prehensive term, dyeing. 

Much of the detail, at any rate, is little under- 
stood. From the simpler speculations of these 
investigators, and their rough experiments on pound- 
samples of wool, the student of to-day may derive 
valuable information and an insight into the early 
methods of dyeing. 

At the present time we are passing through a 
transition state, and until the general idgas of 
molecular physics and chemistry reach a^mone satis- 
factory and sure basis, if is difficult to expect that 
our knowledge of the operations of dyeing can rest 
on a sure foundation. 

It is, how.ever, certain that if the study of 
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Syeing betaken up in the proper spirit, the results 
obtained must influence ,on^ their side, cither by 
confirm^tipn or otherwise, many ^ the most im- 
po/tart speculations -in the domaiij of solution, and 
other ’equully important phenomena. The abnormal 
natural of' the re^ctions^ in dyeing, and the very 
dclitate natui^ of the available colour-tests, com- 
bine to present us with an effective means for 
further investigations into the state of matter, under 
favoj^rable conditions. This point is not so generally 
recognised as it should be, owing, perhaps, to the 
intimate knowledge of the practical part of the 
question, which is*’ necessary before the facts ob- 
served in the dyehouse can be given their true signi- 
ficance. This is only obtainable by direct contact 
and eolitinued observation of the dyehouse routine. 
In this way, and this way only, will many abnormal 
conditions, and results, yield to the investigator 
their true significance. 

In the earliest days there were the up- 
holders of mechanical and chemical theories of 
dyeing. Ever since the middle of the eighteenth 
:entury, the conflict has raged round these two 
hypotheses, greatly to the benefit of our knowledge 
3f v^yeiTig. In the search after fresh evidence 
many new and important facts h^ve come to light. 
The infl-uencic of tnis has been satisfactory, and has 
led to improvements in the processes of dyeing, and 
the gradual recognition of the fact that scientific 
methods are necessary in the dyeheuse. To-day we 
lave ^ther possible explanations of the causes of 
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dyeing, which, hcfwevcr, in their broadest terms, may 
still be referred back t*o these 'early and rival otes. 

There is a mclency at the present time to 
discard such artificial barriers* as divide the opera- 
tions of nature into almost watertight compartments. 
The terms mechanical, physical, and cheinica?, are 
more and more regarded as mere phase's, referring 
phenomena* back indirectly to a common origin orf 
matter and force. 

It is not necessary for the dyer altogetlu^r to 
discontinue those divisions of the past, which by 
fneir very limitations have* led to the necessary 
concentration of ideas along certain lines. The 
time is not yet come when we can do so with any 
certainty or advantage. To the present system' 
we must at least ascribe our present position. It 
is doubtful if, for some time to come, any advantage 
would be gained by giving up these general divisions, 
which have proved so useful in the past. At the same 
time, the student must keep an open mind on this 
subject. There is no indication that the problem 
before us of indicating the true cause of dyeing is 
becoming less complex in its nature. * Some new 
principle or factor in geheral physics may be applied 
to dyeing operations, and in this way our knowledge 
may be greatly extended. To-day, other theories 
besides those already mentioned have their upliolders. 
Dyeing has been, for instance, associated with solid 
solution/' and an attempt ,has been made to 
extend this state to cover the absorption rec/alts 
when a dye is taken up‘ by an organic fibre. tFrom 
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k another point of view the dyeings effect has been 
ascribed to dissociation.. ef^cts.” 

Our, inf reasing knowledge of th» general reactions 
of^^colloids, in which class we may include the textile 
fibres*, is modifying our views ; and the condition- 
reactkjns bf these .complex bodies has given rise to 
what is terinetl the ‘‘ colloid theory ol dyeing. 

^ The time has, perhaps, come when it is necessary 
to classify the researches of the past in this and 
kindled subjects, and formulate the general conclu- 
sions which have been arrived at from time to time, 
and examine them from the practical dyers’ point eff 
view. T. is unfortunate that the majority of in- 
vestigpdors have contented themselves with working 
•bn a qualitative rather than a quantitative basis. 
Little (fare has been taken to work with pure materials 
on the one hand, or under recorded conditions on 
the other. It is, therefore, difficult to form an 
estimate of the reliability of the recorded results in 
many cases where accuracy of detail and conditions 
are of the first importance. 

No doul)t, our further inquiries into this subject 
will enable ms to classify more correctly the recorded 
results of the past than is "possible at the present 
tin^e. 

Space has been devoted to the consideratioil of 
our present# general knowledge of the properties 
and nature of colloids, and a short resume of the 
work done on this sujpject ha§ been included in this 
worJi. The abnormal actions of these substances in 
a stat^of solution are of gr^at interest to the dyer. 
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They seem to approximate to the results obtained* 
in the dyehouse. 

For full detifils of the chemical constitution of 

• ^ 

the dyes used today, the sta?idard text-books on 
this subject must be consulted. As regards the 
possible actions in the opei^itions^f dyeing in^rela- 
tion to their constitution, the matter ms 'dealt with 
in this work in an elementary way. 



CHAPTER II 


PROPERTIES OF FIBRES AND THEIR REACTIONS 

So n^uch has been written on the properties of the 
fibres themselves in their physical aspect, that no 
great space will be devoted to this subject. Thi§ 
matter should, however, receive careful attention, 
and the standard works on the subject should^ be 
Consulted. 

The* most important properties of the leading 
fibres are briefly reviewed here. 

For our purpose we may fairly recognise the 
accepted classification of the fibres into those of 
animal and vegetable origin respectively. 

From the present point of view, our knowledge is 
mainly confined to the three important fibres, silk, 
wool^ andcolfton. So far as the others are concerned, 
with perhaps the possible exception of jute, little work 
has been published. In these cases dyeing is of an 
empiri^l nature, whatever may be said of our 
kiy)wledge in the first mentioned cases. 

It is^ strange that more, attention has not been 
given »to the reactions entailed in the dyeing and 
rnonianting of these other fibre?. A systematic 
and regular survey of the comparative reactions of 
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these towards dyes, &c., in relation to their physicafi 
nature, could not fail^to give* important resultV. 

Cotton , — Thfetfibrc may be regarded as, a long 
tubular compouiid vegetable eell. It is I 20 o~i^oo 
times' as long as it 'is broad. The outer ‘Sheath is 
considered to be pure cellulose.* The inner layers 

arc made up of secondary cellular depo'sits ; or are 

^ * 

formed of a gradual thickening of the outer' layer. 
The extreme end of the fibre is closed, that originally 
attached to the seed is broken off irregularly. ^ 

^\'e have here a fibre which from its natural 
tonstitution may materially complicate the normal 
action of dyeing. All the natural fibres are com- 
plicated in their physical formation. 

If all the fibres in a pound of cotton were placed 
end on, they would extend to 2200 miles. 

Within the limits of dyeing temperatures, a 
dry heat has little, or no, influence on the fibre sub- 
stance itself. The material which makes up the 
purified cotton fibre is cellulose. This substance 
has been the subject of a great deal of research. 
Its ultimate composition is expressed by the formula : 

CgH,„Os. 

In its purest form* cellulose is regarded as an 
inert substance, white in colour, insoluble in all 
ordinary reagents, such as water, alcohol, &c. ; 
and the action of these solvents on tha fibre is said 
to be a negative one. At a high temperature and 
pressure, the fibre is,, in soinf respects, altesed by 
water. Zinc chloride, phosphoric acid, and»«amr 
moniacal copper solution dissolve this fibr^ The 
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^'^precipitate from these solutions is^f called '' regene- 
ra^d'' cellulose; afidjt^ha? been maintained tRat 
the alteration in its substance is ^rely structural. 
Tljis‘is doubtful’ however, for th^ capacity of fila- 
ments puepared from these regenerated compounds 
to al^orb* dyes is jprofoijndly modified. The same 
phonomenctn is noticed with the regenerated cotton* 
from an alkaline thiocarbonate solution, •f he precipi- 
tated substance is, in this case, a hydro-cellulose which 
alsojhas an increased affinity for'certain dye-stuffs. 

Some interesting speculations have been made by 
A. G. Green (Krv. Gcii. des Mat. Col. 1904, 130) on 
the constitution of the cellulose molecule (compare 
Green and A. G. Perkin, Proc. C. 5 ., 1906, p. 136). 

The empirical formula is not sufficie*ntly 

complex to explain the formation of tri- and penta- 
nitro-compounds. This investigator considers the 
existence of these derivatives doubtful. The fact 
that cellulose can exist in the colloid state, and is 
difficultly soluble is not considered to indicate, as 
previously supposed, a high molecular weight. The 
same argumlmt is not used in the case of alumina 
or silicic acid to explain their colloid state. 

Many reasons are givei? to justify the simple 
formula, and the original paper must be 
consulted lor the full details of ^his argument. - 
Fa 15 gr ayd Tcllens have obtained from oxycel- 
lutose dihydroxybutyric acid and isosaccharic acid : 

CH(yH).CH-^OOH 

I 

CH(OH).CH-?-COOH. 
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Green propv^es the following formula for .celitf-| 

l(3se : ' • 

CH(OH)-CH— CH-OH 

1 'P * 

CH(0H)-CH-CH,. 

This formula brings forward the aldehyde nature 
of cellulose as follows : 

-CH-OH 

-CH, 

which by fixation of water becomes : 

-CH(OH)., 

-CH,(OHj 

and then * 

-CHO 

-CH,(OH). 

’ When cotton is mercerised we get an action o^ 
this order. • 

— ONa finally on washing __q^ 

This formula is also sufficiently complex to 
explain the Fenton reaction, and the formation of 
the intermediate hydration product. 

CH=C 


I > 

CH = C. 


0 


And then by addition* of bromine : 

-CH.OH 

O 

And by elimination 

CH=^:C-CHO 

r > 

CH-C-CH^Br. 

(w. brom furfutal,) 
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From the ionic point of view, ce'^nlose is regarded 
as jan aggregate oh, ions vchich take their origin 
under special conditions present i/*;thc plant-cells 
in^which cellulos'es arc present as^mass aggregates. 
Tfie qellulose aggregate is, therefore, regarded as a 
mixti^re of ions of varying dimensions. As a con- 
sequence, cellulose as a typical colloid has no definite' 
reacting unit as a body which takes thd crystalline 
form, nor a fixed molecular constitution such as 
could be represented by a constitutional formula, 
the cellulose molecule not being regarded as a 
static unit measurable.in the ordinary physical units 
so much as a dynamic equilibrium ; its reacting 
unit at any moment being a function of the condi- 
•tions under which it is placed. 

Suoh is, perhaps, the most recent definition of 
the constitution of the celluloses from the ionic 
point of view as advanced by C. F. Cross. 

If this view is accepted as a working hypothesis, 
and we regard the fibre colloids as solution aggre- 
gates rather than fixed and definite units, it may be 
taken for graftited that the further study of the action 
of dyeing will throw light on this subject generally. 

The two extreme views* of the constitution of 
cellulose are expressed here, and will indicate to the 
student ihe varied nature of the, ideas on this sub- 
ject to-day. 

^Action of reagents on cotton . — Cellulose is unable 
to res^sf entirely the action o^ reagents. 

4^ids, for instance, may modify»its structure and 
composition in a remarkable way. 
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The ultimaffe' action of sulphuric acid is the pre'-f. 
d'uction of grape sugar, but„the action takes place in. 
stages which r? more or less marked. ^Dextrin 
is an intermediate compound of the same ultimate 
comjiosition as cellulose itself. The first- action of 
this acid is of a less destructive nature. The cotton 
fibre swells up, gelatinising at the same time. By 
a very rapid removal of the strong acid at this stage, 
so-called “ vegetable parchment ” is produced. 
This product finds important uses in the industrial 
world. Its strength is greatly increased and its dye 
affinity modified. 

Nitric acid has a destructive action, if carried 
to an extreme stage. At a high temperature the 
acid breaks up the fibre and destroys it. The ultimate 
products are different in this case, oxalic aCid being 
one of the final products of the reaction. The action 
of this acid in the cold, either in the presence of 
sulphuric acid or alone results in the production of 
nitrates. The higher nitrates being used as explo- 
sives (gun-cotton), the lower nitrates dissolve in 
solvents such as ether-alcohol, and are then known 
as collodion. They also enter into the c omposition of 
xylonite, &c. The action of dyes on these nitrated 
fibres is a more energetic one. A systematic exam- 
ination of their relative actions on these different 
nitro-products is greatly needed, and has never been 
published. The solubility of these nitro-compounds 
is entirely different +o’that^of the original cotton. 
As mentioned above it either swells up or dissolves in 
alcohol-ether. On thfe other hand, it no longer 
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W. - * 

^iPfeplv^s in zinc chloride. It is pracc cally insoluble 
temperatures in* this reagent, 
action of weak acids on cntton fibre is 
^Wy indicated in some expei'iments by A. 
-’^^eurer. . The fibre was subjected to a 20 grm. 
soluti' of oxalic apd; of its equivalent in other 
acids.. The Results are expressed in percentages. 


DIMINUTION IN STRENGTH. OF FIBRE. 


Acid. 

After 4 hours 

After 3 days 

After steaming 

(cold) 

in hot iiir. 

tor I flour. 

- — - -- 


- - 

— _ 

Oxalic 

•2.5 

25.0 

25.0 

J'artarjc' 

.0 

.5.0 

10.0 • 

p o.^phoAphoric 

T.O 

1 ns 1 

15.0 

m.-])hgs})h()nc 

-2.5 

j 

35-0 

p. -phosphoric 


I 

35-5 

‘Phosphorous 

I -.5 

27.0 

28.0 


The addition of such substances as glucose seems 
to exert a protecting influence when present in the 
above solutions. 

For example, with oxalic acid and 50 grins, 
glucose to tlfe litre, a protection equivalent to 
cent, occurs in hot air, and 6 per cent, on 
stfeamnig^ as compared with the above figures. 

Mercer in his celebrated patent gives an accouiH 
of the action* of such acid reagents on cotton, and 
notices the increased effect o^ dyes on the same. 

The •action of hydrochloric Jicid is also a severe 
one. .The cotton fibre falls to powder, ov^ing to a 
partial, ^nd uneven solution of the saipe. (Stern, 
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f.C.S.j IW, In all these cases the acid 

be strong. Weak acidsrliave little, or no effec^t, or 
this fibre, so^far as their subsequent reactions arc 
concerned. ' « ' , 

Action of Acid Salts. — Bisulphates, or salts which 
are easily dissociated, such as , aluminiuni chloride 
act on cotton, if their solutions • are allowed tc 
concentrate by drying on the fibre. In such a v^ay 
cotton is separated from wool and silk, and the latter 
recovered and used again. In the case of wpol the 
recovered fibre is known as shoddy. A few years 
ago a lace effect was prockiced in Switzerland by 
weaving silk designs on a coiton foundation and 
subsc'quently '' burning out the latter in this way. 

The other acid salts act in a milder way. 

Action of Alkalies . — A strong solution 61 caustic 
alkali profoundly modifies the properties of the 
cotton fibre. Here, as in the case of sulphuric acid, 
a shrinking and gelatinising action takes place. A 
sodium compound NaX).C,.JT>„Oj^,. is said to be 
formed. Washing in water decomposes this com- 
pound, and a hydro-cellulose remains. Within the 
last few years an enormous quantity k)l cotton has 
been treated in this way. If a long staple cotton 
be used, and the fibre stretched,’' an increased 
gloss is obtained-; in the case of artificial silk a similar 
result is obtained (Dreaper and Tompkins). After 
mercerising a greatly increased affinity for some dyes 
is exhibited. 

The action" of oxidising agents producer oxy- 
cellulose w^iich also exhibits increased attraction 
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dyes. When treated with ^caustic soda solutio^i 
\oo grammes ot the litre disengage heat as follows 
(Vignon) • 

^..cimiose . . .7^ cals. 

(Ixyccllulose . . 1.30 cals. 

This product al^o gives Schiffs’ reaction for 
aldeh^^des. It will, therefore^ be seen that although 
cellulose is a comparatively inert body, from the 
dyer’s point of view, yet it atU^acts dyes more 
readil}** after being subjected to the action of strong 
mineral acids, alkalies, or when dissolved and pre- 
cipitated. Further ])artlculars of the action of such 
reagents may be found in the many papers written 
on ihis subject, and in a monograph by P. Gardner, 
from which the following details arc taken. 

The mercerising action of caustic alkali solu 
tion begins at 10° B, and increases with the strength 
ol solution up to 35'' B. The temperature should 
not exceed 20° C. Gardner considers that to the 
varying chemical action is due the different results 
obtained with, different cottons. 10 per cent, to 
30 p«.;r cent, more dye is required to produce the 
same shade alter mercerising the fibre. 

It is advantageous to mercerise at a low tem- 
peratur a weaker solution of caustic soda will 
produce ^le same effect. Lefevre (Rev. Gen. des Mat. 
Col.^^ I90:2f, p.* i) states that at the lower tem- 
perature a 35° B. solution will give a result equal , 
to a 56° B. solution •at ordinary temperatures ; 
but With this stronger solution and refrigeratmn 
no advcftitage is obtained. 
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Kurz {ibictrp. i) considers that it is advante^ 
geous to refrigerate with raw cotton, but that;with 
bleached cottdtrit is not so necessary. 

The heat dcv^eloped on iiiercerising the latter is 
very small, but the temperature efrect is more 
evident in the case of rew coUon, a rise o^ 13° C. 
to 21° C. being noticed in this cast^ 

In the case of ramie and linen it is interesti-ng 
to note that the action of mercerising is a different 
one. This is owing to the s(‘})arate cc^lls in these 
fibres swelling up and ultimately bursting. The 
surface of the fibre becomes corres])ondingly rough 
and not smooth as in the case' of cotton. 

Interesting results will ])robably be obtained 
by further research on this fibre and its relati\e 
dyeing properties under these conditions. ' 

If the cellulos(‘ aggregate or molecule is an 
alcoholic anhydride, its chemical activity might be 
due to the hydroxyl grou})S. Various acyl and alkyl 
derivatives have been prepared and their relative 
dyeing properties determined by W. Suida (Monatsh. 
/. Chem., 1005, 26, 413). The results show that the 
dyeing proper! les of the nucleus are not influenced 
by the conversion of these OH groups into the acyl 
or alkyl ones. 

These results should be considered in conjunc- 
tion with the results obtained witb nitrocellulose 
and hydroccllulosc. 

Nitration of the ‘fibre, even to the extent of the 
introduction of 80 per cent, of NOo groups, (k>es not 
appreciably, alter the visible structure or breaking 
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ctrain- of the thread. (Bronnert,*%V?'. Gen. des 
^MaC Col., 1900.) 

It has ^aJso boon stated that introduction 
ol 8p-^) per cent, of arelyl groups i*it() tlie cellulose 
molecule, does not alter the original properties of 
the cejdulose. (Cro^is, J.S/'.L, 23, p. 297.) 

C^jtton is*sta 4 ed to act energetically as a catalysing 
agent (Suida, Monatsh. f. Cliem., 1905,'* 26, 413). 
In a mixture of benzoyl chloride and sodium hydrate 
the former rapidly disa[)pears on agitating the liquid 
in the presences of cotton. In its absence this effect 
is not noticed. . ' 

The .Ltion whi(?h magnesium and aluminium 
chlprid('s exert on cotton and other vegetable fibres 
i§ stated to be due to hydrolysis, owing to the hydro- 
chloric ifeid set free on rapid drying. 

Only the vegetable fibres dissociate these salts. 
On wool magnesium chloride gives no trace of free 
acid, even at a temperature of 140° ('. That the 
wool actually takes up the chloride is shown as follows. 

Cotton cloth and cashmere were soaked in solu- 
tion^ of magnesium chloride at 13° Tw.. and alu- 
minium chlofide at 10^ Tw. The samples were 
wc*ighed after squeezing and the results would indi- 
catv‘ that the chlorine, magnesium and aluminium 
taken uj^by the fibres were normal. An exceptio'n 
was noted in •the case of the aluminium salt and 
wool ; more acid than base J)eing absorbed in this 
case, (ilanofsky, Che}^. 1897.) 

Tl># hydrolysing action of water Is very marked 
at higli* temperatures, and unHer pressure. 
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The fibre Vnay even be disintegrated with the 
formation of soluble ‘'hyfiration products. 

When coti^on is wetted by water a certain rise 
in temperaturQ takes place. At first sigltt this 
might be attributed to a hydrating action, but the 
general results obtained on wetting inert substances 
(finely divided solids) does not altogether support 
this idea.' It has long been known that a simij.ar 
action takes place when these powders are immersed 
in inorganic or organic liquids (Pouillet). A careful 
study of the conditions which give rise to these 
phenomena has been made, by Masson {Proc. Roy. 
Soc., 74, 230). Unlike the ordinary disengagement 
of heat which may take place in an exothermic reac- 
tion, there is no definite limit either in time, or degree. 
The action sometimes persists for hours, giving 
an increased surface temperature of from 8° to 12° 
in the case of cotton. Similar temperature results 
were obtained in the case of glass wool in the presence 
of water vapour. The conclusion arrived at was 
that the action is a distillation effect through a layer 
of air ; and that this gives rise to the thermal pheno- 
mena noticed in these cases. This investigator 
recorded that if the sblid is wetted, no temperature 
effect is obtained ; and concluded, therefore, that 
the action is not«a chemical one. 

The results obtained by Martini (Phil. Mag., (5) 47, 
329) do not, however, seem to confirm these observa- 
tions. With pure silica, in 4 finely divided .state, a 
great rise in temperature is recorded in such soiutions 
as distilled water (22.6°), absolute alcohol (2^''), and 
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fjiilphuric ether (31.5°). Under exceptional circum- 
stances the silica was rajsed from 17° to 80° C. Thei^ 
can be little doubt, but that the ^cohol and ether 
actually wet the silica. Yet Masson^cfistinctly states 
thal glass wool will not give the temperature effect 
with Vv^ter, but onl^ with water vapour, on account 
of the air hhn., 

, Martini considered that fhe Ikpiids arc absorbed 
by the solids, and enter the V)lid stale themselves 
[ibid. (5) 50, 618). Tie subsequently modified tliis 
idea, and considered the action a physico-chemical 
one. Silica is said to abstract water from a mixture, 
of three ]>arts of alcohol to one of water. 

On the other hand, he notices a reverse action 
in *t]ie case when mercury is the liquid. The whblc 
subject ©seems to be very involved in the present 
stage of our knowledge. Three distinct theories 
have been advanced to explain the action depending 
on distillation effect ; transfer to the solid state, 
or a physico-chemical cause respectively. 

The matter must be allowed to rest heie lor the 
pres^mt, but the ultimate solution of this problem 
may possibly throw light on the subject of the 
absorption of substances by fibres, &c., and is worthy 
of lurther attention. 

The idea that a liquid can enter a solid, and by 
some inft,uenc^ be degraded to the solid state, under 
conclitions which would normally determine the 
liquid .one, is a far-reacfiiijg hypothesis. This* 
effect^ if really present, must greaJily modify our 
ideas on the attractive value of fibres.* Further 
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work on this Wbject is urgently needed, to clesLD 
lip these points. 

JVoo/. — Thf .standard works must be referred 
to for details aj; to tlie actual physical structure of 
the many varieties which come upon the European 
markets. 

Tlie fibre substance is called*, keratinca Its 
clumiical 'constitution Is obscure. The published 
analyses of wool vary'greatly, and there is no direct 
evidence that kefatinc is a definite substance. To 
p)rovc this, it is only necessary to state that the 
r sulphur varies from 2 to 4 per cent., and that this is 
partly removed by dilute alkali. If strong alkali 
is used the wool “ dissolves,” and if this solution be 
adidified, the larger part of the sulphur passes off 
as sulphuretted hydrogen. 

Th(‘ mineral matter present, probably in com- 
bination, varies also in amount (/.S.D. and C., 1888, 
104) and composition. It averages a little over 
I per cent, on the weight of the wool. 

The action of dilute acids seems to be more 
specific than in the case of the vegetable fibres. 
Wool treated with sulpliuric acid (or 'hydrochloric) 
and subsequently washed attracts colouring-matters 
with increased avidity. 

Nitric acid gives with wool a yellow coloura- 
tion, due to the formation of rXantJioproteic 
acid. 

Nitrous acid (Richard, J.S.D. and t., 1888, 
154) diazotises ” part at least of the wooUfibre. 
Colours can be dyed ” on this by sub^sequent 
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it^eatment with solutions of phcnei^ and amines. 
The; writer attempted tp ^prepare these substances 
in a more or less pure state, but faS(|d chiefly owing 
to ^the small quantities present. •These “dyes” 
are not, as might be expected, “ fast.” They 'have 
little r/jsisbance to .the action of soap solutions at 
the boil (/."V.ff/., iSqq-cjS). It is claimed that the 
substance in the wool fibre which acts in this way 
is an ami do acid, termed laimginic acid, by the 
discoverer (Champion, Compi. Rcnd.^ 72, 330). To 
prepare this 500 grm. of carefully washed wool was 
dissolved in baryta solution. The filtered solution* 
was precipitated by lead acetate. After washing 
the lead salt was suspended in water and SHo passed 
through the solution. Tlie filtrate was evaporated 
to dryifess, yielding about 6 per cent, of a dirty 
yellow powder. Champion gives the formula 
CjoH;{„Nr,Oi„ for the acid, but Knecht and Apple- 
yard {J.S,D. and C.y 1889, 71) do not agree with 
this, as they find that it contains 3 per cent, of 
sulphur. The following reactions are given : sodium 
acetate being present in the solution. 


Alum 

StannoiLs chloride 
Co].C r sulpliate 
Ferri^ chloride 


^ while*precii)itatc. 

= white precipitate. 

= light green curdy ])recij)itate. 
^ light brown 'precipitate. 


It shows the characteristic reaction with Millon’s 

• * 
reagen^. " A great number of iakes have been pre- 

pare4j^ith this substance and the* acid colouring- 

matters. vSehiitzenberger’s formula for wool based 
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on its hydroIyW indicates that the wool molecule# 
contains the groups 

CP/ ^ and the p:roup,.CO^:^^ ^ • 

but does not contain any NHg groups. , Coloured 
products would, however,^ be obtained as abpve by 
the formation of nitrosamines from .tho NH group. 
The compd^unds formed seem to withstand the action. 
The formation of these compounds will be further 
discussed in chap! vii. in the relation to the chemi- 
cal theory of dyeing. It is considered by Knecht 
and C., 1889, 71) that the presence of this 
amido acid in the wool fibre ivl an insoluble state 
may be the cause of the action of dyeing. As pre- 
pared, it precipitates acid and basic dyes, tanhip, 
acid, and mordants. ‘ 

Very strong mineral acids dissolve wool, and the 
solution gives precipitates with the acid colours. 

Alkalis affect the wool fibre more or less. Very 
strong solutions may even dissolve it. It is stated 
Manual of Dyeing,’' p. 43) that alkalis are not 
retained so tenaciously as acids after absorption 
by the fibres. 

The action of certa*in metallic salts in solution on 
wool is of the greatest importance from the practical 
pchnt of view. 

Many salts of iron, chromium, copper, 4nd other 
metals seem to be decomposed in the presence of 
\he wool substance, and the^ oxide or basic* salt is 
precipitated on 1:he wool out of the aqueous sciiition. 

The whole subject of mordanting is ^ com- 
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%jifclicated one, and will be considered in chap, iv., 
wh^re the probable nature of^the reactions observed 

will be discussed. 

* * - 

Silk . — The silk fibre in its naiural state con- 
sists of aruinner and insoluble fibre or filament, making 
up a: Qut to 76 p^er cen^ of the total weight of the 
fibrcj and all obiter coating of silk gum, or sericine. 
This material is soluble in caustic alkali solutions 
in the cold, or soap solutions a*t the boil. The fibroin 
or sil|j substance is then left in ils final state. 

The composition of the fibroin is, like that of all 
albuminoids, uncertaixi, Richardson (/. 5 .C./., 1893,* 
426) cor Iders the ifiass formula to be 
C.,H„((:O.OH),.CO.OH(NH.J. 

* • 

And considers that the graphic formula is of the fol- 
lowing order: 

NH.CO 

CO.NH 

X representing a carbon residue. 

There is, however, no satisfactory evidence that 
this residual fibre is of a simple nature. 

The ultimate analysis of mulberry leaves, silk- 
worms, serickie and fibroin are as follows : 


^ J, eaves. 

1 

• 

Worms. 

1 

j Scricme. 

Fibnnn. | 

1 

c . » . 

H . 

; 4373 

48.1* 

' 42.6 

48.8 * 

! 5-91 

7.0 

! 5-9 

6.23 

It ... . 

3-3^ 

().6 

i 16.5 

19.00 

0 

35-44 • 

26.3 

: 35 

25.00 ^ 

Mineral matter 

i ;i.6 

• 9.0 

i “ 








It is Dossible that the seficine or silkf gum is a 
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more soluble oxidation product of the fibroin and' 
may possibly be formed in fhe following way : 

+ H,0 I 0 =- C,,,H,,,N,0,. . 

Fi bra’ll . Soriciiie 

Cramer by tlie action of dilute suljiLiiric acid on 
silk gum obtained 5 per o^^nt. oi tyrosine (hjdroxy- 
plienyl-fi-amido-propionic acid). 

. OH CX).OH 

C.H, ' XH 

CH, NH, 

and IQ per cent, of amido-gly ceric acid, 


C,H.O , 


COOH 

Nil, 


This body like silk has a neutral reaction and 
combines with both acids and bases. ‘ 

This body which has been called sd'ene (C;|^H-N03j 
is very similar to alanine (C3H7NO.>). 

By the action of nitrous acid the former gives 
glyceric acid, and the latter lactic acid. 


^ „ COOH 




COOH 

OH. 



COOH 

NH, 

OH' 


gives C,H,- 


COOH 

(OH)„ 

glyceric acid. 


Therefore, serene may be a mono-amido-glyceric 
acid 

Representing 'fibroin as 


NH-CO. 
^^■- CO -NH ' 


on saponification witli KOH* it would give :* 




.NH., 

CO.OK 
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Some further work has been done on this sub- 
' jecttby Fischer and Skit^ /. Phvs. Chem., 1901, 
177, and 1902, 221). 

By decomposing boiled off silk#by hydrochloric 
acid, the following substances were obtained ’ (per 
100 pte. of fibroin).. 


10 pts. 

21 „ 

1 to 1.5 ])ls. 


/)-t3n'osino • 
r-alanine 
^gly cocoll 
/=j-leucine 
/j-phcnylalanine 


Tiaci.s of diamifio acids were discovered in the 
products of hydrolysis, and arginine was recognised 
among them. Serine is also one of the decompo- 
sition pfoducts of fibroin as well as of sericine. 

Sericine yields hydrolytic products from which a 
considerable quantity of diamino-acids may be sepa- 
rated by dialysis, arginine being among them. 

These authors consider that the dilTercnce be- 
tween fibroin and sericine is only a quantitative one. 
Th( same mono-amino acids are obtained from both. 
In addition *to tyrosine and serine, they obtained 
leucine and phenylalanine fro*m them. 

Ihr well-known diazo reaction has been applied 
to the animal fibres, and effect colours may be pro- 
duced on silk, by subsequent development with 
phenols, ^amines, &c. The cglours do not seem, how-^ 
ever, to be fast to either^ashin^ or light . The colours 
prbdufed on wool are duller than those from silk. 

Thi» matter is more fully entered intg in chap. viii. 
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One part of sodium nitrite was found to be sufff- 
dent to “ modify ” fifteen .parts of wool. 

The resultii;^' and modified fibre is vefy sensitive 
to light, and change of temperature, like many of, the 
diazd compounds. On boiling with water it' takes 
a brown colour. The same shade is produced by 
the action of dilute sodium hydrate solution. ■ The 
alkaline carbonates act in the same way, but h’ss 
energetically. The treated wool is said to show an 
increased affinity for basic colours and a deq’-eased 
one for acid ones. This property may even be made 
'use of in printing to obtain different shades with 
the same dyes. 

^This special property is lost in sunlight. An 
exposure of only a quarter of an hour to diffused 
light will bring the wool back to its normal 'state so 
far as this action is concerned. 

Nitrite of soda itself, without the usual addition 
of acid, will act on wool at i()o°-iio° C. ; a charac- 
teristic orange-rose colour being produced under 
these conditions on the fibre. 

Many aromatic oxy-derivatives will give colour 
effects on the fibre, in the same way as phenols, and 
amines, after treatmeiit with nitrous acid. 

Flick and Bourry (Bull, dc Soc. dcMulh, 1889, 21) 
consider that thismetion is rather due to the^nresence 
of NH. than NH^ groups in the fibre tompounds. 

The action of acids and alkalies on , silk are 
therefore in a way Similar to those obtained with 
wool. 

i ^ 

The physical differences due to apparent solu- 
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^tk)n may be noticed when stiong sbiutions of the 
reagents are used. It is j)Tdbat)le that hydrolysis 
takes place, and that through thi^ the physical 
structure is destroyed and the coifeid enters the 
pseudo solution state. 

Owjng k) their cpmple:^ nature our knowledge of 
the composition of the fibre substances is very 
limited, and, from our point of view, unsatisfactory. 

It is, therefore, difficult to formulate the relations 
of these bodies to the dyes and mordants during the 
time of dyeing, with any certainty, by arguing from 
their supposed chemiqal constitution. We must 
rather lorl^ for evidaice of a more indirect nature, to 
determine the reactions between these animal fibres 
c^d dyestuffs generally. 



CHAPTER III 

DYES 'and lakes, AND THEIR PROPERTIES 

The rough division of dyes into two groups, the one 
containing the natural dyes, or those which are the 
. more or less direct products of organic life ; and the 
other the artificial dyes, enables us to dispose of 
the former group in a few words. 

’ The nature of these dyes, and the state of impurii^y 
in which they exist in the numerous extracts, which 
serve in the ordinary dyeing operations, renders it 
very difficult to discuss their action. 

It may be stated that these vegetable dyes are 
not present in the growing plant. They exist there 
as chromogens, which are mostly colourless. These 
yield their colouring-matters by subsequent oxida- 
tion, fermentation, &c. ' 

Some of the products like indigo, madder, orchil, 
and logwood are, or have been, of great value in the 
dyeing of woollen and other goods, but they are 
being gradually replaced by new pro^lucts* 

Of recent years a good deal of work has been 
'done on the constitution of these dyes when pre- 
pared in a state of purity. The results obtai%ied are 
hardly oi sufficient Interest, having little, bearing 
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the action of dyeing, to claim our attention in 
“•the pjesent work. 

We maY^ therefore, pass on t#^thc so-called 
artificial dyes, the‘first«of which wasi introduced by 
Dr. PcKkindn 1856. 

'rhi^.dyc, mauveine, cref^ted a great sensation at 
the time of fts introduction. In 1859, Verquin in- 
troduced fuchsine. Since that time thd list has 
increased by ever-varying shaVles and dyes of new 
con^titTjtion, until, to-day, we have at our disposal 
a range of colouring-matters, which will respond to 
almost all the re(]iiir(‘mt‘nts of the dyer, as regards 
fastness arvJ a})plict:tion. It may be interesting 
here to review the dillerent ways under which these 
dyes liave been classified. 

Bancroft’s scheme, which in the past has received 
general acceptance, divides the dyes into two classes. 

(1) Subjective. 

(2) Adjective. 

The first class includes those colours which will 
dye without a mordant. The second class includes 
those which require one. In the present day it is 
difficult to accept this simple classification. Some 
dyes may even belong to botlf classes. 

^ on Drager used the terms d5^e and dye-stuff 
respectively to describe the dye maku*ials belonging 
to these two gieat classes. 

Hummel, on the other ha^d, taking note of the 
many colours which may be pr6duced by means of 
different mordants, has called the Two classes of 
dyes mo^ogenetic and polygene'tic. 
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With the great increase in number, and properties 
of the dyes used in the. present day, v. Georgievics 
has fallen ba^'k on the divisions which arc generally 
accepted as representing their actions, viz. : 

Acid dyes. Vat dyes. 

Basic dyes. Mordant dyes. 

Dye salts. Developing dyes. 

Sulphur dyes. Albumin dyes. 

Even this extended classification has obvious de- 
fects. 

With our increasing knowledge a modification 
of 0. N. Witt’s classification, which is of a more 
scientific nature, and depends on the constitution of 
the dyes, may ultimately be accepted. 

This method divides the dyes into classes depend- 
ing on the presence of certain groups from which 
there is evidence that their specific characters are 
chiefly derived. These he calls the chromophorous 
groups. These form the so-called chroniogens, which 
make up the root, or stock substance of the dye- 
stuff. 

These chromogens are converted into dyes by 
the introduction of salt-forming substances. 

For instance : 

— N N — is a chromophorous group. 

CjiHr, — N =- .N — is a chromogen. 

CgH,— N = N— C,,H,.NH, is a liasic dye. 

— N — N — QHj.OH is an acid d3^c. 

This classification does not indicate the action of 
the dye in det>ail In fact, it would be very^^lifficult 
to do this. 
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•From the point of view of dyeing, it is possible that 
somctscheme of classificat^.ofi will be possible in the 
future, which will include classes dep?]g«ling on their 
physK^al state in solutidn, in conjiincftion with their 
chemicfll piO]>erties (see chap. x.). It is at least a 
fact that all the dyes^are either acid, or basic in their 
nature*; or contain both acid and basic groups at 
the*same time. 

The OH and NH^ groups which give to the dyes 
the .icid or basic prop)erties, are naturally of the 
greatest importance. In the above scheme, these 
groups are called auxoehromes. They also seem 
to ])lay a part whic^i leads to the production of 
colojired compounds. 

• Another group, which is so often present in the dye 
molecule, is the sulphonic acid radical (HSO.^). The 
introduction of this group into the molecule is gene- 
rally brought about with the object of rendering 
the ilye more soluble in water, and not with the 
object ()1 producing colour. As a matter of fact, 
the revei'se action is generally noticed. The sul- 
phonic acids pf many dye-stuffs are deficient in 
tinctorial power when compared with the non-sul- 
phoiicited products. 

Tins by far the commonest way of bringing 
the azo d} 4 es within the range of praf:tical solubility! 
Therei^are, howeVer, other methods of arriving at the 
same result. Geigy states that the introduction of a 
trialkylammonium grouphas this effect. 

All compounds are coloijred, but all them 
are not dyes. Their chipf value is in the fact that 
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they are chromophores and can be converted into 
dyes by Griess' rcaction/which consists in diazatising 
the amine awd' combining the product with phenols, 
amines, &c. 

This reaction is not, however, capable of universal 
application. The constitution- of the azo compound 
may determine otherwise. The amidopyridines are 
an example; only the beta derivative can be readily 
diazotised. 

Also, if the amido groups arc in the ortho position 
as regards the azo group, the compound is incapable 
of diazotisation. 

As a general rule a jdienol, or amine, will enter 
the para position as compared with another OH, 
or NHo group. If, however, the para position 
is already occupied it will lake up the ortho 
position. 

If both the ortho and para positions are filled it 
will probably form no dye-stuff. 

By double entrance of the diazo group the pro- 
duction of tetrazo dyes is effected. 

Generally speaking the simpler dyes are yellow 
or greenish in yellow, but as the molecule increases 
the colour changes to orange, then red, violet, or 
blue. A simple example of this which is known tp 
all dyers is s^en in the azo dyes pro(Juccd from 
primuline on the fibres. It will be remembered that 
the following results' are obtained: 

With phenol, a golden yellow shade. 

With resorcinol, an orange one. 

With /3-naphthol, a jed one. 
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•Nietzki was the first to notice the general nature 
of thli; action and Schiiltzp tto confirm it. 

The actual cause of the uroducti^jt of colour is 
not understood. 

Arm^trcxig* favours the idea that the quindne 
structurii is 'directly ^connefded with the pioduc- 
tion oi colorfr in this class of compounds. The 
evidence, however, does not seem to be coifiplcte on 
this point. 

Discyssing the cpiestion of constitution and 
colour, Green (/.S.C./., 1893, 12, 3) has pointed 
out that the leuco- or reduption-compounds of various 
dyes cxhibi' a striking difference of behaviour on 
exposure to air. 

• Disregarding those colours which are entirely 
split up hy reduction, viz., the azo,nitro, and nitroso 
colours, it is possible by this action to classify colours 
into two groups. 

(i) Colours whose leuco-compounds are not readily 
oxidised on exposure to air. 

(2) Colours whose leuco-compounds are rapidly 
oxidise 1 on exposure to air. 

Group (i) consists of the tripheny line thane series, 
the phthaleins or pyrone colours, the indophenols 
and the indamines. 

Group ^(2) contains the indigo class, azines; 
azonium colours, oxazines, thiazines, acridine 
colours, the thiazol, quinoline and oxyanthra- 
quinone colours. 

Accepting Armstrong’s theory that colour is 
due to Ijie quinonoid ^structure of thf molecule. 
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The colouring-matters of the first group may "t/e 
regarded as paraquinonoid, 


and those of the second group as orthorquinonoid. 


This view is coniirmed {Proc. Chem. Soc.^ 1890, 
222; Armstrong, Proc. Chem. Soc., i888„, 4, 27; 
1892, 8, loi, 143, 189, i94j. 

The cause of some colours being mordant colours 
seems to have been determined beyond dispute. 

The presence of OH or CO. OH groups is essential 
to the production of these colours. The position‘/of ^ 
these groups is also a matter of importance. It is 
necessary that the two hydroxyl groups shall be in 
the ortho position. One carboxyl group may take 
the place of one hydroxy] grouj). 

The normal group may, therefore, be taken as 


The introduction of a sulphonic acid group into 
the dye molecule has a disturbing effect on the forma- 
tion of metallic lakes. * 

For instance, Alizarine red S (powder) is 

ro b) 

, CH,- pX OH (2) 

SO,Na 

* c ^ 

The addition of coppei;^ sulphate to a solution 
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df .this dye will not produce a lake or precipitate. 
If, hdlwever, the correspondiiig bhrium salt is produced 
by adding barium chloride to the soliitjpn before the 
addition of copper salt a precipitafc is obtained 
(Dreaper, J.S C.I.^ 12, 272). 

In tl^e same way,. Diamine Fast Red F. will also 
give a Jake wfth copper sulphate if the 'SO-^ group is in 
combination with barium. The action of the^ulphonic 
acid group is effective in preventing the lake for- 
matinn^even although it is far removed from the 
lake-forming group, as will be seen in this particular 


case. 


• /OH 

CH/N ^ N-C,H/-NH. 

I \s03'h 


C,H/N - N— C,.H,< 


COOH 
OH (2) 


(1) 


It is difficult to explain the cause of this action. It 
may be found, perhaps, in the greater solubility of the 
sulpiionic acid, and the partial neutralisation of this 
effect by formation of a barium salt. 

The presence of an amido group may also materi- 
ally iiTerfere with the formation of lakes, even if 
the OH groups are present in the ortho position. 
It would almost seem that hCre the action is of a 

QJJ 

different .lature, the acid nature of the | 

groups bfing iji pert neutralised by the proximity 
of th? NH2 group. 

The reason why certain colours are mordant 
dyes is becoming increasingly involvr¥\ 

The Liebermann and v. Rostanecki l&w is no 



4V) CHEMKl^-TRY AND PHYSICS OF DYEINCx 

longer accepted, owing to our increased knowledge 
on the subject since {hcyqar 1885. * 

Buntrock in' 1901 was the first to throw doubt 
on this law. 'He discovered that derivatives of 
groups in the ortho position would dye on mordants. 
(Rev. Gen. des Mat. Col. J901, 99.) » 

In the same year, Noelting established the fact 
that bodies like hystazarine and quinizarine (di- 
hydroxyanthraquinones, 2. 3 and i. 4), also i. 3. 5. 7 
tetrahydroxyanthraquinone, and i. 8 -hydrodioxy- 
2. 4. 5. 7, tetranitrochrysazine were also capable 
of being mordant colours. . 

V. Georgievics in 1902 pointt^d out that the hydro- 
xyanthraquinones do not follow the above law. 

In the years 1887 ^^^d 1889, v. Kostanccki 
extended and enlarged the original law wlAch then 
stood as follows : 

(1) Nitroso-phenols are mordant colours when in 
the ortho position. 

(2) Phenolic colours dye on mordants when 
they contain two OH groups in the ortho position. 

(3) Orthoquinonedioximes are mordant colours. 

(4) Ortho-oximes are mordant colours. 

In the year 1904,* Moehlau and Steimmig (Rev. 
Gen. des Mat. Col. 1904, p. 360) return to this subject. 
The following law is propounded. In an^ aromatic 
hydroxyl derivative when an OH group is in a position 
near to the chromophoric, the body is a mordant dye. 

Picric acid is not a mordant because the com- 
pounds with rnetallic oxides are soluble. 

But trinitro-resorcinol 
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OH 


NO, 



NO* 

OH 


NO, 


4 ^ 


dyes wool on chromium or iron mordants, shades 
which arc vory fast againsl the action of soap. 
Nitro-amido-phenol-sulphonic acid 


OH 

NO. / NH. 

■| I 

s6,h 


dyes wool, on chromium, iron, or aluminium mor- 
dailts and the shades also resist the action of soap. 
()rthQ-hydroxyazo-benzene-/)-su]phonic acid. 


OH 

' ''N-N.CH 

; I 

1 I 

SO,H 

and nitro-pheivol-sulpho-azo-if-naphthol 

/\ 

OH I I 

NO. ' I - N -- N— 

l ,j ohI J 

SO,H 

both dy(' pn these same mordants. 

Quinonoid Co/oj^rs.— •From the point of view of 

colour the group ^ jOT » 
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The group |c j, analogous in grouping to 

OH (2) colouring-i'nactcrs the 

NOH (i) > 

property of dyeing on mordants. 

Noelting and Trautmann have found that 8- 
tiydroxyquinoline and its derivatives 


OH N. 

are mordant colours. 

6-Methyl-5-keto-8-isonitrosoquinoline 

0 

cH, I Pi 

• OH.N N 

is also a mordant colour. 

In a further communication Prud’homme (Rev. 
Gen. des Mat. Col., 1904, p. 365) doubts whether this 
rule of Moehlau and Steimmig can always be apphed ; 
they having themselves pointed out that the chromo- 
phores , 

— CH " CH— CO and — CH = N— 

ape not powerful enough to transform ortho hy- 
droxyls into mordant colours. , 

He also points out ,that Scheurer had previously 
shown that dehydrated mordants will not combine 
with mordant dyes. 

Quite* recently, further investigation tends to 
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'Show that in some cases alizarine lakes are 
not 'chemical compounds (W. Biltz, Bcr, 1905, 
P- 4 I 43 -I . 

From a study* of +heir formation, alizarine iron 
lakes'^ are said to be of the nature of chemical com- 
pounds^; but Alizarine Re^ S.W. lake on chromium 
oxide.is said'to-be formed by absorption. 

• It may be that these lakes resemble the tannic 
acid ones, or are similar lo Linder and Picton’s dye 
coirpoynds {Trans. Chem. Soc. 1905, p. 1934), 
where both actions seem to be involved. 

The formation of alizarine lakes may be due to* 
solid soliPion, absoi^ption, or they may be chemical 
compounds. 

• Variations in the concentration of solutions *of 
alizarine* dyes in contact with oxides of iron, or 
chromium, in the hydrogel state, give interesting 
results. 

h'or instance, the following table, showing the 
elfect of hydroxide of iron on alizarine, is instruc- 
tive. 


In tial concent# 

Knd do. 

('ol. at)s. jicr grm 

of bath. 


of hydroxHlc. 

.0005 

.00114 • 

.0677 

.01 

.00234 

•134 


.00242 

.308 


.00261 

■655 

.06. 

.0028 

I.OI 

.10 

.00326 

1.695 

. 15 * 

.()() 36 ()* 

2.57 


In. the case of Alizarine Red S.W. on chromium 
hydroxide, the following results were .obtained : 
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Initial concentration. 

.01 I 

.02 

.05 , 

.(>75 

.10 

.50 


ICnd do. 

.00034 

.0031 

.00776 

.01876 

.0341 

.05 

.417 



The relative nature of the reactions indicating 
chemical action, or absorption, respectively, is seen 
in the above curves. No. i indicates chemical ac- 
tion in the case of an alizarine iron lake, and No. 2 
absorption in the case of alizarine .on chromium 
hydroxide. The decre/ised absorption of alizarine 
dyes on a dehydrated mordar]t,as compared with the 
same mordant ih a liighly gelatinised state, is^ shown 
in the following ratios : 
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Alizarine 

1/6 

GaJlcin . . . ^ 

. i/ii 

Alizarine Yellow Cj.Ci.Vv. 

I 9-5 

• 

It IS suggested* that the reason why alizarine will 

not dye in. the absence of lime i 

s that it is necessary 


for alizarine to be in^the qiiinonoid state, and 
that this st^e^only occurs in the presence of alkali. 

0 

li 

I I — COH- I " , OH 

• I — CO — I J 

It must always remembered, that the alizarin 
aluminium lake may not be so insoluble as the double 
c^feium one. 

To cfccide in practice whether a dye belongs to 
the mordant class it should be sufficient to make 
experiments with wool mordanted with the following 
metals: aluminium, iron, chromium, copper, and 
tin. The value of the mordant dye will, of 
course, depend on the brilliancy and fastness of the 
shade's produced. These are most important factors, 
especially from the wool-dyer's point of view. 

In the case of the nitron dye compounds the 
ort'jo position between the O and — NOH groups is 
essential to a mordant dye. 

In so%e cases dyes wliich possess an OH group 
in tlie ortho position with, regard to azo groups, 
may possess the property of dyeing on mordants. 

• Thk action, in which closer grofiping evidently 
gives rige to what may be termed a more concern 
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trated effect, is an instructive one. It gives us an 
insight into the structupo.of the molecule. C/oser 
grouping seems Vo be more favourable to combined 
action. This is* seen in the two nitro-salicylic acids, 
and ‘the relative acid nature of the i. 2'. 3 and'i. 2. 5 
compounds (/. C. 5 ., 88, 338) respectively. • 

The typical dye, Congo Red, whicli led the 
discovery *of the series of dyes which dye vegetable 
fibres directly, is produced from benzidine ; and hence 
this series of dyes have sometimes been kiv3wn as 
the benzidine colours. With the extension of this 
’class, and from their varie/l origin, they arc now 
knowm generally as “ cotton d*yes,’' or sometimes 
as “ direct dyes.” 

fi * 

Generally they are prepared by diazotising cer- 
tain bases ; and combining the products witli amines, 
phenols, or their sulphonic acids. 

Sometimes the dyes are mixed products. In 
the preparation of these, advantage is taken of the 
fact that the first molecule of the amine, &c., is 
taken up at a greater rate than the second one. 
In this way these mixed products ^re easily pre- 
pared. 

V. Georgicvics, in 'discussing the possible cause 
of the attraction of the cotton fibre for these dyes, 
hds pointed out that it cannot be due to the 
presence of the diphenyl group, foF certain dyes 
only possessing one a^o group are knowp to dye 
cotton without a mordant. • 

The so-called sulphur dyes have recently ^Tecofne 
of great importance in cottqp-dyeing, on account of 
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tnpir fastness and the ease with which they can be 
ippKed. 

The sulphur dyes originated with Hie researches 
of (Voissant and l^etowniere about Ijfiny years ago. 
vSawdthH, ho;n, &c., were fused with alkali and 
snip] 111 As a result, products soluble in water 
were qbtaineti. wihich were capable of dyeing yellow 
brQwn shades. This substance was knowii in com- 
merce as Cacliou de Laval. * 

To-day, the class of sulphur dyes is an extensive 
one, and they are classified by Poliak as follows : 

(1) Dyes from simple benzene and naphthalene * 
derivative‘s 

(2) Dyes from dipnenylamine derivatives. 

t (d) J^yes from anthraquinone derivatives. 

(4) E^es made by the help of sodium thio- 
sulphate. 

(5) Lyes made by the help of chloride of sulphur. 

Tiiis classification is a rough and ready one, but 

the chemistry of the subject is very involved. The 
fact that it is almost impossible to isolate the inter- 
mediate compounds, which are formed during the 
manufacture of the dyes, renders it very difficult to 
follow the change which take ^fiace. Vidal, Meyen- 
berg^ Green, and Perkin have attempted to throw 
light on this most interesting subject. Vidal believes 
that sulptiide ^iyes produced from compounds of 
simple structure, and at low temperatures, are pro- 
bably thiazine derivatives. 

•Th^g^i sulphur dyes are insoluble. They are 
brought Unto solution bv dissolvint^ in <^nrlinm 
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sulphide. At the same time, they are reduced to tl)ek*^ 
leuco-compounds, so^ tl\at subsequent oxidatmn is 
necessary to^ i^produce tlie colours in situ. This 
may be broug^gt about in sqme cases by simple ex- 
posure to the air ; or in others by the qse of oxidising 
materials, such as hydrogen peroxide. 

Instead of sodium sulphide, neutral sodiym sul- 
phite haS*been recommended as a solvent, and is used 
in conjunction with ‘glucose and alkali, which serve 
to reduce the dye to the leuco condition. The 
addition of salt to the dye-bath greatly increases the 
• dye fixed. The other insoluble dyes which are pro- 
duced in the fibres, such as indigo, or aniline black, 
present interesting ]:)roblems to the student. 

* From the fact that they are produced by oxicja- 
tion, the dyeing process is probably of » j)hysical ‘ 
nature. 

The production of aniline black on the fibre is a 
complicated process from the chemical point of 
view. 

Here again, the intermediate ];)roducts are not 
easily isolated, and this makes it difficult to follow 
the reaction. 

The basic dyes Ure usually hydrochlorides of 
organic bases. The combination between the base 
and acid is a weak one ; entirely different in its 
nature from that of the sulphonictacid*azo dyes, 
are very stable compQunds. 

These bases form lakes^with tannic acid, which 
were at one time of great service in the dy^eing of 
cotton goo^s, and are stih used for this ^purpose ; 
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also in the production of lakes for pigment 
colotlrs. 

Although at the point of saturation, these com- 
pounds seem to combine in the j'Atio of their 
chemicvJ equivalents in the ordinary sense of the 
word. 

Par^rosandine hydrochloride — 

/C.H.-NH, 

C -- C,H, NH.. • 

I 

— is a typical example of this class of dye. 

Tt has also been niote recently suggested tliat 
in some cases tlie alizarine lakes are absorption com- 
pounds (see page 43). 

I denii location of dyes , — Of the many schemes 
suggested, only that recently advanced by Prof. 
Green in conjunction with Messrs. Yeoman and 
Jones [J.S.D. and C, 1905, p. 236) is noticed here. 

This scheme, like the earlier one proposed in 
1893 by the first of these investigators, entails the 
reduction of the dyes to their Icuco-compounds. 

Originally ;?inc dust was used as the reducing 
agent, reoxidation being effec,ted by exposure to 
air, o^ else by chromic acid. 

Nitro, nitroso, and azo compounds were com- 
pletely dejutroyed on reduction. Dyestuffs having 
an ortiio-quinonoid structure gave Icuco-compounds 
which wer^ readily rcoxidised 6y air to their original 
state, ^^ara-quinonoid Compounds giving leuco- 
compounds required chromic acid for reoxidJition. 


4 
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Sodium hydrosulpliitc is now recommended as a 
reducing agent in place of zinc dust ; and the s^cate- 
ment is made/ that the leuco-compounds formed 
remain in greu.t part attached to tlie fibre, while 
washing will remove the fission products bf the 
azo dyestuffs. 

A persul])hate is used in place of the thromic acid. 
The following general behaviour of the various 
chemical groups of dyestuffs is noted. 


Det ulouribiHl by liytliosu'j)lul(.‘. 


; C'uluiii K'stori'Cl on 
I'xposui'o to au'. 

l)s*> of persnlphatf 
lequucd torustoie 

(.'oluiii nut re- 1 
sfund b\ .iio' 1 
or iM-isiil]»!».it» , 

' A/ini'b 

'J'il|)heuyl 

Nltio-, 1 

( )\,\zmos 

metliHue group. 

Niltoso-, 1 

Thia/.mob 

mul .170- j 

Iniligo 


gtoups 


Not (li'colomibcd 
l)llt ( ll.llltit'll to 
Not altfud bv blown, uuititi.il 

li\clius>uli)liitc colum K'stuiL'd 

by .III or iifibul- 
jihate. 


I’yione, aci i- Most clyestiiffb 
iliiio, ()iiino- of the 

Imo. uiul thni- raiilhuaeiie 
/ole Kniufis. , i;ioui). 
Some mem- , 

Imts of ant 111. i- 
cene f;roiip 


Further tests with other reagents are given in the 
original communication with a com])lete range of 
colours dyed on wool and silk. 

The point of interest is the way the leuco-com- 
pounds are held by the fibres. Further details 
should be of value. The action may be due to the 
colloidal nature of these compounds. 

The different rate of solubility of dyes in different 
solutions is important, hut before we consider this 
point the relative solubilities of dyes in aqueous 
solution at varying temperatures is given. The 
results are .stated in grammes per loo cc. of solution 
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\ 

•for'^ome of the best known * dyes. (Pawlewsky/ 
Chem. Zeit. 73, 773.) 


N J)yc*. 


Marti US Yellow/ 
Violet ‘R. . 

C^^inine 
Magenta 
Picric Acid . 
Erytlirosine 


2(/ C . 

60" c. 

100“ c. 

.002 

.01 

•13 

•«3 

.86 

27.24 

.04 

.21 

1. 21 

.22 

• 1.28 

12.23 

I.T 4 

2.04 

9.14 

4 - 5 h 

12.7 

24 - 5 « 


Ihe increase in solubility at high temperatures is 
great in some cases. 

Xlie jclative action of picric acid in solvents* 
, has* been studied with the following results. (Sisley, 
Rev. Geu. des Mat. Col. 1902, 90.) 


Water .... i.oo 

^.^^4 (- 5 % ^ol.) . . .43 

Ether .... 3.56 

Toluene .... 8.60 

Amyl-idcoliol . . . 1.4^ 


The colour of the solution varies greatly. In toluene 
It IS almost colourless, and possesses a dichroism 
not found in an aqueous solution. 

This is ^attributed by Marckwald (Ber. 1900, 
1128) to electrical dissociation. At any rate a 
difference in molecular state is* indicated. 

The following table shcjws the ratio qf picric acid 
taken upTjy toluene and water in mixtures .of the 
same at a •temperature of 20'’ C. 
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SournoN Mixtijrk. 
Solution TO grim, fcr hir^. 
ICO cc. OH, .25 cc. Tol. 
TOO cc. .loocc. ,, 
50 cc. ,, .TOO cc. ,, 
Solution 3 gnns. to litre, 
TOO CC. OH, .25 cc. Tol. 
TOO cc. ,, .TOO cc. ,, 
50 /:c. ,, .TOO cc. ,, 
Solution I grm. to litre. 

TOO cc. on, .25 cc. Tol. 

TOO cc. ,, .TOO cc. ,, 
50 cc. ,, .100 cc. ,, 

Solution .1 grm. per litre. 
TOO cc. OH3 .25 cc. Tol. 
100 cc. ,, .TOO cc. ,, 
50 cc. ,, .TOO cc. ,. 


Ratio taken up 

T : 4.02 
I 2.63 
I 40 

I : 1.6 
I : 1.24 
I : 2.38 

I : I.I5 
I : 1.63 
I : (>.72 

All in water 


Sisley explains these abnormal results with dilute 
solutions by assuming the dissociation- of picric 
acid in dilute solutions ; this being comphde at .1 grm. 
solution strength ; and that the toluene cannot ex- 
tract the colour ion. 

Similar results were obtained with ether and 
amyl alcohol as follows : 


Ratio of 011 ^ to Ether or 

Amyl Aleohol 101 : 

TOO. 

TO grms. to litie sol. 

I : 1.70 

I : .209 

I grm. . . ‘ . 

1 : O.I2() 

T : .071 

.1 grm. . 

T : .01 

I : .0101 

.01 grm. . 

All in water . . 

All in water 


In these two cases we have dilution also interfering 
with extraction from aqueous solution. It might 
be pointed out that these results may be also 
explained by accepting the association Jiheory of 
solution. 



CHAPTER IV 

ACTION AND NATURE OF MORDANTS 

Our knowledge of the action of fibres on certain 
metallic salts in a(ineous solutions is incomplete. 
The subject is one of g^eat interest to the dyer. 
Many of the difficulties he has to contend with are 
duetto variations in the mordanting processes. 

-Alitnnnium mordants . — There is a general im- 
pression fhat these mordants act by producing a 
basic salt on wool and silk fibres ; a corresponding 
amount of acid remaining in solution. 

This may, or may not, be the case according to 
the varying condition of solution. Washing in water 
after the rnord^jnting process is said to render the 
salt fixed more* basic by the removal of acid, or an 
acid salt. The rate of mordanting may, therefore, 
increase with the basicity of the solution. This is 
noticed in practice. Many neutral and stable salts 
are said t(j be free from any action of this nature, 
and wyi net acf as mordants. 

The influence of the basicity of aluminium salts 
on the actual absorption*resiilts is incjicated in the 
following* table. Aluminium ^ulpliates w^'re pre- 
pared, and solutions containing 200 grms. per litre 
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of the respective salts were taken. The fibre w&s 
cotton. (Licchti ar/d Sai,da, J.S.C.I. 1883, 53{7.) 

'j . ' ■ 

( ompo.sitipn of su]i)lintc used, % Al./hj takt'ii uj). 

A1,(S(),)., I 18HX) (normal) . . 12. q ^ 

Al'(S(),)'-(OH), ■ .. 5i.<, 

AI.-(SOJ-(On), ' .. 58.7- 

AVSO;(OH). • - - 

* 

The last and most 'basic salt dissociated so rapidly, 
that the experiment could not bo completed. 

It will be sec‘n that a slight increase in basicity 
over the last salt mentioned would produce an in- 
soluble compound on the col ton fibre irrespective 
of any combination with the cotton fibre itself. 
'Some of these salts have been prepared, and are, in- 
soluble. These experiments arc not so ciMiiplete as' 
they might be. The composition of the salts pre- 
cipitated on the fibre has not been ascertained. 
They have only been expressed in terms of the 
hydrate. 

The fact that these basic salts cannot be obtained 
directly by the addition of alumina^ to the normal 
sulphate is important. There does not seem to be 
any tendency for the solution to redissolve any 
alumina actually precipitated in the fibre. 

‘ The fact that a salt is a basic one is not, however, 
any indication that it will act as a mordant. Basic 
chlorides and oxychlorides of alumina can 6e pre- 
pared, yet they are very injiifferent mordants. Very 
little of the metal can be fixed on the cotton fibre by 
solutions of these salts. 
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• On the other hand, the sulphites and thiosulphates 
of alumina arc available •mordants. 

The b^sic thiocyanates, and iht jicetates and 
sulphaciitates are of grmt value. 

In ’ praetic^^^, it is advisable io sui)})lement ‘the 
direct ii*:ing action of the hbre, by some secondary 
reactio4i. For instance, suitable substances may 
be present, which in themselves form insoliible com- 
pounds by loose combination with the alumina. As 
an altoi'uative ])rocess the mordanted hbre may 
be passed tlirongh a suitabh' alkaline bath. Such 
materials as oil mordants, or tannic acid, an* used* 
as a ])relinhnary tit^atmcmt. Their action is suf- 
ficiently clear. The alumina is sometinu's fixed as 
ain^eiiate, phosphate, or silicate. It is worthy of not(J 
that all* these precipitates arc of a colloidal 
nature. 

Turkey red mordanting . — The process of fixing 
alumina on the cotton fibre assumes fresh imi)ortance 
from the fact, that the mordant must contain fatty 
acids in some shape, or form. 

The modern method of dyeing Turkey red, 
differs materially from the older processes of dyeing 
which originated in the East, *many years ago. 

Le Pileiir d’Alpigny published an account of 
these older processes in 1765. 

The original process took between three and five 
weeks to .complete, and it i^^ cpiite unnecessary to 
try and follow the many operations entailed. To-day 
Tufkey-fed may be dyed in three days, or evcui less, 
using artificial alizarine in the place of madder, and 
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, soluble oils in the pkee of olive oil, or other fatty' 
matters of a more or lessVbsciire nature. ' 

Alizarine * ^ (dihydroxyantliraquinone), # 
may be regarde‘d as a weak dibasic acid. K is even 
capable of decomposing sodium acetate. ' It contains 
two OH gr()ui>s in the Ortho position. » 

It combines with most of the metallic: oxides 

« 

forming insoluble lakes. A serious study of these 
compounds has been undertaken by Li(‘chti and 
Suida (J.SJ). and C. 18S5, 271 ; 1886, I02, C20, 131, 
14G) and the chief results obtained are as follows: 

Alizarine combinc's with calcium to form normal 
or basic alizarates as the case 'may be. At a high 
temjierature, or if a solution of the basic alizarates 
be heated, the normal salt, , 1 I,.()^-Ca, is always 
formed. 

On the other hand, the aluminium lakes are 
formed v/ith great difficulty in the absence of calcium 
salts. The pr(‘sence of ammonia helps the reaction. 
Basic aluminium alizarates are lonned,and are more 
insoluble than the normal salt. 

In the production of a Turkey l ed on cotton, it is 
essential that a compound lake of aluminium be 
formed. A great many of these have been prepared, 
varying in their properties and reactions. The 
normal lake is Ah (raO)-HjO,^ and is 

readily soluble in ammonia. 

In practice the alfzarine lake is a compound of 
alizarine, cafpium, aluminium, and fatty acids 
and therefore little ^can be said of the actual com- 
position of ’these lakes as present on the ffibre. 
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Xhe actual operations enl^iled in the produci 
tion *0! this colour are* *said to be as follows 

Manua 4 of Dyeing/' p. 558) : 

(1) toiling. 

(2) Suinacing. 

(3) Mordanting. 

^(4)? Dyeing. 

*(5) Clearing. 

(1) 'To-day, little st'eins to be used for oiling but 
the so-failed suli)liat(‘d oils. These are probably 
sul})hoiiic acids. At any lale, their usefulness li(\s 
first in their sohibilit}^ tn water, and, secondly, in 
the fact that tluy are readily decoinpostTl by stt^ain, 
&ci» r)odies similar to th(‘ oxidation ])rochicts ]m)^ 
duced from oli\'e and castor oils in the oldcT pro- 
cesses are said to be formed at the same time. This 
has, however, been denied. 

(2) The object of suinacing is to introduce tannic 
acid into the fibre; in order that it may subsecpiently 
precipitate and hold a larger proportion of alumina. 

(3) The mordanting operations consist of treating 
the fibre witlf aluminium salts ; and subsequently 
conqdeting the fixation of the^ alumina on the fibre. 

(4) Thc‘ dyeing which follows these; opeTations sup- 
plies the alizarine, and lime necessary. A minimum 
temperatwe of 70° C. is necessary to complete th'e 
formation ’of the lake. 

(5) clearing operations are geiierally two 
soapings. 'These removf; any im])uritie‘S, and here 
the formation of the lake is also modified, t 

At tBis stage stannpus chloride is' sometimes 
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added to give “ fire ” to the colour. It is generally* 
supposed that tliis \ioes , not enter the lake,^ but 
simply acts physically. I'in oleate is foriped which 
acts as a varnish on the fibre. A certain*. propor- 
tion of the fatty acids in the soaping solution is lixed 
on the fibre. 

This roughly rei)resenls the action and ^process 
of dyeing* Turkey red . 

Further light has* been thrown on these reactions 
by Persoz {BitlL Soc. Jnd. dc MuUl 1903, 193)- 
When mordanted cotton is dyc^d with 2 grins, of 10 
* per cent, alizarine, and an ecpiivalent quantity of lime 
per litre, a deep red colour i^ produced in a f('w 
minutes. If at this stage the fibre be waslu'd and 
Sried, the shade produced is a dull yellowish brown. 
If this be treated with a fatty acid and sfeamed, a 
bright red colour is produced. 

If, on the other hand, the dyeing is prolonged to 
say one hour, this brightening action will not take 
place. These experiments indicate that there are 
two possible modifications of the compound lake of 
alizarine, alumina, and lime. The .former can be 
tiansformed into the latter by steaming, and will not 
then develop ; nor can it be reconverted into its 
first form by any known means. It is, of course, 
j-ust as easy to argue that when the final and satu- 
rated lake is formed it w^ll not combine with the 

( 

fatty acids. The first? '' modification '' njay simply 
be a compound still containing aluminium in a 
state capable of combining with the fatty adds. 
This explains the object of having the latty acid 
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present before the mordanted fibre enters the dye 
bat\ It is well known tlmt the so-called alizarine 
reds, whjch are dyed with siibseqftept oiling, are 
inferior to Turkey reds*in fastness, and colour effect. 

The chief. constituent of the modern soluble oils 
is said be ricinoleic acid, free or combined with 
alkalios. BcTiling the oil with dilute hydrochloric 
acki decomposes the sulphonic acid compound liber- 
ating this acid. (Noelting and Binder, Bull. Soc. 
Incl. dc^Mulh. 1888, 730.) 

On the other hand, the superiority of soluble oil 
pre})ared from castor oi] over that from olive oil is* 
stated to be due to 4 he fact that in the former case 
an aci(i sulphonic ether of an unsaturated acid is 
pjesent . In the latter case we have the correspondiiig 
derivati\^e of a saturated acid. This is held to in- 
dicate that the former product will have a higher 
oxidising power and consequently be a better 
,, mordant for this purpose. (Benedikt and Ulyer, 
Monat. Chem. 8, 208.) Further research must decide 
which of these views is the correct one. 

Prepared yi the pure state the above ricinoleic 
acid gives lakes, as bright as those prepared with the 
oleins. 

Purified aluminium ricinoleate after drying is 
pulverulent. Its formula is 

This cpmpoiund heated with water and alizarine 
begins to attract the coloiw-ing-matter at 40° C., 
It then melts and gracjjaally assumes a bright red 
colour, J^hile the temperature is being carried up to 
105^ C. 
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This would seem to indicate that it is necessary 
for the fatty acid to mAi before it can enter into 
combination. n This lake is unaltered by bailing soap 
solution. Alcohol and ether* dissolve this lake with 
difficulty, and then cotton may be “ dyed ” with 
this solution. It would be interesting id know 
something of the fastness of the colour, dyed ‘in this 
very mechanical wa3^ Inschli (ibid.) also denies 
that oxidation takes ])lace in the fixing of ricinoleic 
acid on the fibre. This lie confirms by analysis. 
He also shows that mere heating in dry aii will not 
de\’elop ” the colour of llu' lake, but if stc'am is 
present, tlu^ colour develojis instantly. Micro- 
sco])ical examination shows that stc'am favours the 
formation of the alizarine-linu'-aluinina-fatty-auid 
lake. Immediately after the st(‘aining, the cloth 
has a sticky feel ])artly due to the melting of this 
lak(\ In this way it ])enetrates tlie fibre. It is 
also contendc'd that tin, if pr(‘S(‘nt in the soa]) liquor, 
actually eiitcTS into combination with th(‘ mordant. 

One of the most extraordinary stab'iiu'nts made 
in connection with the formation oh these lakes is 
that light is an important fa('tor in tlie formation of 
the fatty mordants. (Stoick and Coninck, Bull. 
Soc. hid. dc Rotten^ 1887, ) ]\luch work remains 

fo be done on this subject. 

Iron mordants . — The lakes formectwith alizarines 
are quitt* fast, and not dependi'nt on either the pre- 
sence of lime or fatty acids ior their colour, although 
the lattqr greatly aids in the fixing of the icon, and 
lime is distinctly beneficial. 
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« It is stated that the iron must be introduced into 
thc^otton fibre in the lerr^us^tatc and 'oxidised hi 
situ. If not, the colour is not fast, it is known that 
many dyes are much faster if product'd in situ, but 
this is the only known case where a mordant acts in 
the samg way.* A ferric h^rrous compound may be 
produc^^d in 1?lie ease of alizarine, and is said to have 
tho following constitution (C|^H^.Pj)..Fe.^-F?0. 

The fact that mordants ai'h for the most part 
of a bajic nature was noticed as early as the year 
1849 by Gonfreville. When cream of tartar was used 
he considered that it entered into the composition of* 
the lake, and in some way, or other, prevented the 
“ rubbing off.” Acids were considered to lessen the 
affinity of the wool for the mordant, and at th(‘ sam^ 
time to increase the pow(T of diffusion. 

Kouard and Thenard {Ann. dc Chimic, 74, 267) 
held the idea that wool could not decompose alum, 
but simply absorbed it. It could all be removed by 
boiling water. The fibre would decompose cream 
of tartar on boiling, acid being taken up and neu- 
tral tartrate lejt in the solution. He considered that 
wool boiled with tartar and alum might contain alum, 
tartrates of alumina, potash, and free tartaric acid. 

Later on, Chevreul denied that the alum could be 
washed out by water, and Bolby stated that actual 
decompo^tion 4:ook place ; a basic salt being depo- 
sited V the fibre leaving the solution more acid. 
Schiitzenberger considered that wool exerted some 
specialJKt tractive force retaining the alum in this 
If the mineral colours are cxc^^pt^d. 
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way. The idea that the wool precipitates the basic ^ 
alum by removing tlic acid from the solution/was 
first put forward by Liechti and Hummel. 

^3) 357*) The addition of ^organic acids, £)y acid 
salts, was said to prevent the loo ra]>id preci})itation 
of the resulting basic salt on the fibre. r 

They considered also that the appearance of a 
well morcfanted wool points to the presence of a salt, 
and not a hydrate. 

These authors also support the idea that a salt 
is precipitated, by pointing out that in “single bath” 
‘dyeing the liquid is always acid. It is ditficult, 
however, to see the coniK'ctioil between these two 
operations. In the latter case the already formed lake 
is present, the acid playing the ])arl of a more or Icmls 
active solvent, as in the case of a logwood-iron lake ; 
or else by directly influencing the fibre' state. 

Harvey pointed out in 1872 (Monif, Sdcut. 1872, 
598) that in the case of very concentrated solutions 
of alum, more sulphuric acid than alumina is ab- 
sorbed. This has been recently confirmed by v. 
Georgievics. It appears that with 3 24 per cent, 
solution of alum, and a proportion of water to fibre 
of 30 : 1 , alumina and sulphuric acid are taken up in 
their normal proportions. The affinity of wool for 
add is stronger in dilute solutions, and stronger for 
the alumina in strong solutions. * The relative 
curves cross each other at 24 })er cent. 

Although wool will tak#^ up large quantities of 
sulphuric ^acid from foncentrated solution^^^f this 
acid, yet in <iilute solutions water plays tli^ part of 
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tase just as it precipitates basic salts from 
solutitgns of the heavy inetak. 

Alum is said to be so far dissociatvd in solution 
that the^ whole of ‘the -SO.j can be •titrated with 
sodium hydcoxjde using phenol-plithalein as indicator 
(Carey L^a). It is also noticed that wool mordanted 
with alym re^fcts* acid ; the indication is tliat the 
acid, is present in the free state. 

Chromium salts . — The mordanting of wool by 
bichronu^te was at one time simply regarded as a 
case of absorption, the bichromate being taken up 
by the fibre. The idea that the bichromate splits 
up into a cliroinate which remains in solution, and 
chromic ?cid which is absorbed by tlie fibre is put 
forward by K. Knecht. (J.S.D. and C. 1889, 186.)^ 
It is assumed that the chromic acid combines with 
one of the fibre constituents to form an insoluble 
chromate. This lias been disputed, it being held 
that the dissociation of the salt is due to the jiresencc 
of ammonia, due to the decomposition of the fibre 
material on boiling. 

Knecht foui^d that the ammonia given off is not 
sufficient to account for more than a thousandth part 
of the change. He also denies that the presence of 
alkaline salts in the wool bring about the action. 
Taking a sample of wool and mordanting it after- 
treatment %ith« hydrochloric acid, he found the 

chromium distributed as follows : 

« 

Total bichromate in solutfbii . . grm. 

* Totdj^ffliromate . . . * . .112 

Chromic acid on wool . . - /' 57 i » 
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He does not uphold Nietzki’s assertion that a 

'chromate of chromimi is formed in the fibre. Jt is"^ 

(• 

held that if tliis action, which is represented by the 
following equ?tion, took place serious dairfage to the 
fibre must result. 

, * 

SK.CqO, -1 sH.O 2Ci_,(CrO,), + loKOH i 3O., 

' I 

lie agrees that a certain amount of bxidalmn goes 
on, but that it is not of this order. 

Whatever the state of the chromium, it is 
capable of easy reduction. This is practised by 
immersing the mordanted wool in sulphurous acid. 

The action of assistants in chromium mordanting 
such as tartaric, oxalic, or sulphuric acids is said to 
be primarily that of the liberation of chromic 
acid .Tartar, lactic acid, and oxalic acid also act 
as reducers. 

It is iKHX'ssary that the mordants shall be pro- 
perly fixed on the fibres, and shall not be merely 
precipitated on the surface. 

The prescmce of sulphates, chlorides and other 
salts in the mordanting bath prevents the dissocia- 
tion of the mordant salt. 

The state in which di chromate of ))otash is pre- 
sent in a(pieous solutions has been studied by 
Abegg and Cox (Nature, vol. 71, 281). They deter- 
mined the proportion of free chromic acid present in 
solutions of different strengths, the orescnce of 
chromic acid being indicated by the following reac- 
tion : 

K,Cr, 0 , 3; K,CrO, + CiO,,. 
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ComDlcte dissociation is calculated to take place at 
a diliition of 1000 litres.^ •At* greater concentra- 

.tions the fc^llowing results were obtained 

• 

At 100 litres* . . ()()% 

^t 10 litres . . fji% 

At I litre . . 62 % 

These figures ftidicate, that the greater part of the 
salt is decomposed into chromic acid, in Solutions 
corresponding in strength to those used in mor- 
danting \^ool. 

In the mordanting of cotton, for alizarine, it haj 
been shown that the presence of calcium salts aj: 
well as aluminium saks is necessary. 

It is also found necessary to have a metallic 
monoxide present in the case of wool-dyeing (Mohlan 
and Steiirrmig). With pure alumina mordant on 
wool, no lake formation seems to take place in the 
absence of calcium, barium, strontium, or magne- 
sium com])ounds. The same effect is noticed with 
iron mordants. In this case magnesium gives the 
best results. It is said that the same effect may be 
notief^d with chi;omed wool. 

Chromium chloride, and chromium fluoride, are 
both used for mordanting wool. Little is known 
about the nature of the reactions in these cases. 

Iron mordants on cotton and wool have received • 
little attention fiorn the theoretical point of view. 
The proT)able nature of the reactions may be taken 
to be of a simpler nature, than in chromium mor- 
danting. J 

Copper piordants , — The results obtained by these 

5 
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mordants in practice is satisfactory, but littly is 
known of the actidns *which take place. Cbpper 
finds little use except in the case of wool-dyeing. 
No figures arh available which indicate in any way 
the course of the reaction in this case. It may 
simply be a case of absorption. On the other hand, 
basic compounds maybe fixed in tlie -fibre; or some 
chemical action may even take ])lace, which leads 
to the same result. 

Other metallic mordants. — Little is known as to the 
actions involved in the use of these com])Ounds. 

Some of them give satisfactory shades, and leav(^ 
little to be desired on the scor(‘ of fastness, but beyond 
this our knowledge does not extend. 

The salts of nickel and titanium ar(‘ of interest 
in this connection. 

Tannic Acid . — This substance is of the greatest 
value to the dyer of cotton and some other \Tgetable 
fibres. 

The well-known property of tannic acid of form- 
ing lakes with basic dyes is taken advantage of. The 
vegetable fibres also seem to have an attractive 
power for this acid, perhaps because of its colloid 
properties. The fact that antimony tannate gives 
faster lakes with the basic dyes, is perhaps against any 
. theory of direct chemical combination between the 
acid and the fibre. ’ 

0 . N. Witt holds {Chem. Zcit., 12,' 18^5) that 
in these lakes there is no distinct molecular ratio 
between the colour base, and the tannic a :id. There 
seems to. be a definite saturation point, however, 
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Jor.ya solution of night blue lias been used volu- 
uKdri^ally for the estimati^ift of tannic acid by direct 
, precipitation. 

These lakes are sohrl:>le in excess of tannic acid, 
and also in«a(.etic acid. Th(‘ latter reaction is sohie- 
tiines mad(' use of in printiwg, the acetic acid being 
subsequently *drit'en off by heat. 

The lakes containing antimony are more resistant 
to the action of alkali. 

The tannic acids arc little used on wool, and on 
silk they play the part of a dye, rather than a mor- 
dant. The b]each(‘d aci(] has a use in th(' w(‘ighting 
of light colours on •this iibr(‘, and in blacks the 
amount jf tannin lakci held by the silk fibre is of 
an# extraordinary nature in some cases. 

The action of tannic and gallic acid on fibres 
generally is entered into more fully elsewhere. 

A series of results obtained by observing the 
action of different mordants on silk both in the 
“raw” and “boiled off” state are given byP.Heer- 
rnann {Farb. Z^ii. 3, 1903). The mordants chosen 
were basic ferwc sulphate, basic chromium chloride, 
acetate of alumina, and stannic chloride. The in- 
fluence of time on the mordanting process is indi- 
cated in the table on p. 08 . The figures given 
indicate the increase of weight of 100 parts of fibre*. 

It is unforttinate that these experiments were 
not conduc:ted on such lines Hhat the composition 
of the precipitated mordants could be; given. 

The d&reasc in the weigl4 of mordajit fixed 
during th« period of seven, and fourteen days, may 
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•be*\Jue not so much to a decrease in the percentage 
Oi irwstal deposited, as to. flic same being in a more 
basic state. 

The •influence of teifiperature on the mordanting 
process is 'indicated in the following table {Purb. 

Zeit. 8 jfnd 9, igoj): 

• • 

rOMPARATiVE AMOIJN'IS TaKEN PI’ A'l' I )j I- IICR ItN 1' 
'rKMPJ-RATrKI'S. 


IVr tent mrrcase of ina\iimun increase. 


Tin 

Raw Silk . 

0 ( 

74-5 

5 

5 

ro 

Sf, 5 

15 

80. 1 

20' 

^)7 =i 

30 

JOO 

pci (Cllt ! 

18.03 

Pjoilt'd oil , 

JOO 

i()(j 

UH) 

100 

100 

loo 

JOO 

If) 0 

Iron 

Raw Silk . 

()2 () 

f)8*i 

;;.8 

840 

00 1 

(PA 

JOO 

7 85 

Boiled oil . 

1 0( ) 

100 

JOO 

100 

JOO 

100 

JOO 

4-^)S 

C^ironu 









Raw S.lk . 

100 

100 

100 

100 

loo 

loo 

100 

I I. « 

• Boiled oil . 

()0. 1 

7J.0 

78.4 

80.8 


< 17 -- 

JOO 

.S.83 

Al. 









Raw Sdk . 

.e;. I 

S 4-5 

f)6 4 

847 

loo 

loo 

JOO 

l.,n 

Boiled oil . 

1 

«i .4 

85. f) 

9 J.O 

95-5 

Too 

loo 

loo 

3.IJ 

(Till and iron solii lions 

;2’"rw. 

Cr. 3 

/"Tw. 

1 

Al. r5‘'Tw.) 


Tlic ehect of the condition of the mordanting 
bath as regards its basicity is important. Heermann 
defines the ‘‘ basicity number ” of a mordant as the 
ratio of absolittc acid content to the absolute metal 
content ; e.g.^ the number for stannic chloride is 
4x36.45 -118.5 -1.23. 

The inlluencc of additions of acid and alkali to 
the normal mordants, staiwiiic chloride, chromium 
chloride (basic J, Cr2Cl3(OH),, basic ferric suli)hate, 
and aluminium acetate is as* follows : the addition 
of alkali in all cases resulted in considerably more 
mordant being absorbed, but .the additiop of acid 
did not always produce the oiiDosite edecft. With tin 
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,and aluminium a very slight decrease was nq^red ; 
iron, on the other hand, Showed a rapid decline,* 5 per 
cent, of acid decreasing the absorption value to one- 
half. In the case of chromium also a rapid drop 
was noticed. That is to say, the influeiice of acid 
on normal salts is small, but its inhuence on basic 
salts great. 

In concluding this work, Ib'crmann examihed 
tbe five theories which have been jnit forward to 
explain the mordanting process, in the light of the 
following facts {Farh.ZciL 1904, 15, 165): 

(1) Nature of fibre has .a great influence on the 

result. * 

(2) Mordants cannot be rubbed, or boiled off. 

(3) Duration of treatment, tem])erature, and 
state of solutions, have great influence on ultimate 
result. 

(4) Efficiency of mordant not proportional to its 
ionisation. 

(5) Temperature of bath increases during mor- 
danting action, 

(6) Clicmically indifferent compoi'inds take part 
in the process. 

(7) Fibre not altered structurally, or chemically 
by the process. 

(8) The basicity of mordant remain^ constant 

during the process. ^ , 

(9) Mordant base oil the fibre is capable of further 
combination and reaction. • 

(10) Ratio between weight of mordant and fibre, 
influences the result of operations. 



ACTION AND NATURE OF MORDANTS 71’ 

the theories put forward to explain the action^ 
of mordanting Heermann pfefers the ionic one to the 

impregnation, solution, “ organo-metallic or the 

. * # 

catalytic* ones which are*considcrcd less satisfactory. 
Light may t)eithrown on this subject by the further 
study of^the reactions of substances in the colloidal 
state. 



CHAPTER V 


STATE OF FIBRES AND ACTION OF ASSISTANTS 

The condition of the fibres at the time of “dyeing is 
a most important factor in the production of satis- 
factory results, especially . where even dyeing and 
fast colours arc required. 

It matters little whether the action of dyeing is 
of a physical or chemical nature. In either case the 
fibre must be presentc‘d to the dy(' solution in such a 
condition, that an even and equal absorption of the 
dye-stuff will result. All parts of the skein, or piece 
of Avoven material, must b(‘ equally act(‘d ujion by 
the assistants present in the dye-bath, when these 
tend to influence the fibre state. 

The problem of equal dyeing stems to entail 
three essential factors : (i) The state or condition of 
the fibre ; (2) The conditions of dyeing ; (3) The con- 
dition of the dye solution. It is therefore essential 
that the fibre substance shall be free frpm all im- 
purities, natural, or acquired during the preliminary 
processes of manufacture. 

Eibres are subjected to the action of^many sub- 
stances, or solutions, with the object of attaining this 
end. 
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•(t is advisable to consider the action of these; 
difler^jnt reagents on th(? impurities known to 
be present: in the natural fibres ; and to allow for 
any possible' action of* these reagents themselves, 
on the purilKvl fibre substances met with in com- 
merce. 

In imy speciJiC case, those reagents which remove 
the*impurities, and leave the fibre in a homogeneous 
staj,c, ot good colour and lustre, will bo most suitable 
foi that# special material, and l(‘ad to satisfactory 
dyeing results. 

It is hardly necessary to state that these condi- 
tions are never entifely satisfied in practice. The 
processes in vogue at the present tinui which make 
up»this i:)reliminary treatment, are briefly considered 
under the headings of the respective fibres. 

Stlk . — this fibre comes into the markets in what 
is called the gum ” or r*iw state. 

The silk fibre or “ boiled off silk is obtained in 
a pure state by treating the raw silk with a hot solu- 
tion of some alkali or soap. 

In practice Hhis is brought about by boiling the 
silk in one or more soap solutions, with subsequent 
thorough washing with soft water. 

The soap solution should be carefully made up 
with a neutral soap. A soap made from olive oil i5 
generahy considcTred to be a satisfactory one. If any 
free alkali be present it must be in small quantities, 
or the glos^of the fibre will suller. 

Ih these hot baths, the silL gum is rapidly re- 
moved, and leaves th^^ flhrnVn in a suiiabre condition 
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,for the subsequent operations of mordanting yand 
dyeing. ' \ 

The original harshness of the raw silk disappears, , 
and the surface of the fibroin is shown in all its 
beauty. 

In the dyeing operations which follow it is im- 
portant that the fibre shall be free from insoluble 
soaps. 

Great care is therefore taken to remove all soap 
from the fibre, and lo protect the silk against any 
surfaces which might introduce dirt, or oil. 

' Owing to the absorptiye power of silk, iron is 
easily taken up by the fibre, afid this action must be 
particularly guarded against in the choice of ^dye- 
vessels, &c. 

Although many substitutes for soap have been 
suggested for boiling out ’’ the silk, yet in tliis 
country, at least, it is almost universally used. 

Such materials as borax, sodium carbonate, 
sodium sulphide, and other weak alkalie s, are possible 
substitutes for soap in the boiling-off process, but 
they do not leave the silk in such a satisfactory state, 
the strength and brightness of the hbre not being 
so good. 

The following figures indicate the relative boiling- 
'out action of sodium carbonate in distilled water and 
soap solution (5 per cent, sol ). 

The time of boiling-out was a quarter, of an hour, 
and the temf>erature 95°*C. 
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The use that the ^^boiled off liquor is put to in 
the siibscquent process of dyeing is also an important 
facK)r in favour of the use of soap. In the presence 
of the silk gum the soap solution may be acidified 
without any separation of fatty acids. This emul- 
sion has a '‘levelling up action, and tends to pre- 
vent uneven dyeing when it is added to the dye 
liquor. The only other preliminary treatment wlfich 
“ boiled off” silk may be subjected to is a bleaching 
process. Where the yellow raw silk is used this is 
necessary for light colours. 

The operations entailed are not of a complicated 
nature, but the action of the bleaching reagents on 
the composifion of the silk itJielf has not been deter-’ 
mined 

Hydrogen peroxide and sul^^hurous acid are the 
more commonly used agtnts. Permapganates are 
occasSonally used, as also is nitrous acid. , 

The silk fibre is therefore usuallv prcsefited to the 
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, dye bath in a hydrated, and slightly alkaline ^tato. 
It is free from grease oi* '.vax. The efficiency of soap 
for boiling out is probably due to the ^presence of 
free alkali in small quantity in the liquor.* Lime, or 
magnesium salts, in the water may lead lo the forma- 
tion of insoluble soajis, and unewen dyeing. * 

The silk itself may contain these substances. A 
preliminary acid bath will remove them. 

We know that alkalies arc held by silk against the 
action of water in common with many mother sub- 
stances. 

This makes it difficult to obtain the boik'd-out 
silk (ibre, in a uniform con^iition, for purposes of 
investigation and until further work has been, done 
is inqiossible to suggest a standeird method of 
boiling out silk for this purpose. 

It is cl(\ar that experiments in the past have been 
performed on the libni, which has been treated in 
different ways. 

It is suggested that silk skeins for spc^cial work 
should be first treated at 95'' C. with a i ])er cent, 
solution of olive oil soaj), followed bf a further treat- 
ment with I per cent, solution for half an hour, with 
subsequent washings in very wxak ammonia (i c.c. 
to 1000 C.C.), and three or four washings in distilled 
• water at 40° C. This will give a fairly pi^re sample of 
boiled-off silk. The temperature of the boiling-off 
Solution should not be above that indicated. 

The actiuai of excess of*lree alkali, if j^esent in any 
quantity, on silk on wool, is decidedly harmful.' The 
silk itself is attacked witl^ loss of strength and lustre. 
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Xhe.^ction of alkali on wool at high temperatures is 
of a sijnilar nature. 

The effqpt of boiling wool for one hour in a solu- 
tion of aJum, acidified with sulphuric* acid, causes 
considerable* hy^drolysis (Gelmo and Suida, Monatsh. 
/. Chem. ^6, 855). There is considerable loss in 
weight and forfnarton of soluble amino-acids. Some 
of the decomposition products resemble peptones 
in their action. These an; said to interfere with 
the fastnQps of the colours, in the absence of mineral 
acids. 

This breaking down of Ihc fibre substance is 
accelerated in the presence of mineral acids. This 
is noGced also in alkaline solutions, as might be 
expected, with products of animal origin. 

1 he action of caustic soda on wool is specific 
(Washburn, /. 5 . D. and C., 1901, 261). At ordinary 
temperatures wool is increased in strength in the 
ratio of 55 to 41 when soaked in an 82° Tw. solution. 
At the same time 84 per cent, of the sulphur present 
is removed. The lustre and feel are said to be im- 
proved, and tl»e affinity for dyestuffs increased. 
Treatment with alcoholic potash, with subsequent 
slight acidification and washing is said also to give 
a similar result, on dyeing with direct and azo dyes. 
(Gelmo and Suida, ibid.) 

It vdll therefore be realised that these preliminary 
processes nqay materially modify the subsequent 
operations of dyeing, &c.,» by direct action on the 
fibre substances themselves. 

The processes used in preparing vegetable fibres, 
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by reason of their more inert nature, maj^ be 
corres])ondingly drastici 

Of the preliminary ojK'rations in tin; treatment, 
of wool fibre'the objects to be attained seem to be 
fairly simple. In the unwashed state wool consists 
of the fibn^ jaoper, which is protected by wool fat 
and the suint, or yoke. 

"Thoroughly cleaned wool s(;cms to have tlui same 
com})osition as hoVn, or feathers. This substance 
has bc(m named keratin. It is a prot('id. . 

"J'he wool fat is peculiar in its way. It contains 
no glycerides. It is chiefly made up of cholesterin, 
isocholesterin, ol(‘ic, stearic, and other fatty acids. 

The suint conlains about 40 })er cent, of inorganic 
Tnattcr. It chiefly consists of potash salts of stiiaric 
and oleic acids, besides jfliosphates, silicates, &c., in 
smaller (piantities. The object of the preliminary 
operations is clearly to remove these from the fibre. 

The fatty and wa.x-like bodies may he. removed 
by light spirits, such as ])etroleum ether. The })otash 
salts may, of course, be removed by water. 

Soap and soda are chiefly used to wash wool. The 
temperature should not be above 40” C. 

The operation of bleaching wool may modify its 
composition, or may menfly change the colouring- 
. matter. The figures ghen elsevdiere indicate that 
the latter is quite possible. 

Sulphurous acid a^nd peroxide of hydrogen are the 
two substances used for hicaching wool. 

The^ former may be used in the fornl of the gas 
(stoving), or else in aqueous solution. 
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•The basis of hemp, flax, jute, ramie, &c., is 
celiu'.Qse more or less lig,iflfiecT. Oils, resins, and 
. colouring-uiatters have to be removed. Cellulose, 
althougli. a carbohy'drate, like starch, is* very resistant 
to the actiofi o^ ordinary solvents, which may, there- 
fore, be used in the i)reparation of these fibres. 

Dilute acieft, afid alkalies, are used for this purpose. 
In tfie absence of air the action of the latter* solutions 
is reduced to a minimum. 

In the prehminary preparation of these fibres they 
are submitted to a retting process. A series of 
changes brought about chiefly by bacterial action 
takes place. As a rcs^ilt the fibre is freed from certain 
binding substances. 

•The purified flax is pure cellidosc. Bleaching is 
difficult with this fibre, and dyes are not so readily 
taken up as by cotton. 

Ramie (china grass) in a purified state is cellulose, 
and is easily bleached to a beautiful white shade. 

The general action of bleaching vegetable fibres 
is an obscure one, and demands further attention. 

Sodium hypochlorite is superior in many ways to 
the calcium compound. No tendering of the fibre 
is noticed with it. This is probably due to the pre- 
sence of a smaller quantity of free hypochlorous acid. 

The attraction of cellulosq for water is of a definite 
nature. I? is a^property of the cellulose substance 
itself, and. is independent of* structure. Dissolved 
and reprecipitated cellulose exhibits the same 
phenomenon. (Cross and Be\4an.') 

The hydrating action seems to be a function of 
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the OH groups in the cellulose molecule. As tliey 
are suppressed by combination^ so this property is 
said to decrease. 

A study of the conditions of hydrationdndicate 
that tile ju'ocess is a continuous, and rcv('rsibl(' one. 
Cellulose in tlic state of hydration is more readily 
attacked by reagents, and absorbs' larger cpiantities 
of certain dyes. 

Cross and Bevaii have stated that cellulose which 
has been artificially dehydrated by alcohol . shows a 
great(T resistance to reagents. 

This hydrating action may be carried so far that 
actual solution seems to take pi'ace. The cellulose is 
said to b(‘ present in a gelatinis(.^d form. (Erdmann, 
7. Pv. Chcm. 76, 385.) Cramer has, how(‘ver, shown 
that this conclusion does not agree with the osmotic 
pressure of the solution. This is not, however, a 
fatal objection to this view. 

The action of alkalies on cellulose' at high tem- 
peratures has been examined by H. Tauss (/. 5 .C./., 
i88g, 913: 1890, 883). Cross and Bevan group the 
celluloses in their action as follows 

{a) Those of maximum resistance to hydrolytic 
action, and containing no directly active groups. 

(h) Those of lesser resistance, and containing 
active CO grou])S. 

(c) Those of low resistance, i.l., more or less 
soluble in alkalies, &(f. 

To the first class belongs^the typical cellulose, such 
as flax, temp, ramie, &c. The second class contains 
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the.pxycelluloses, and the last class the non-fibrous 
celluloses. 

• • 

, The ligjiocelluloses (jute) are unsaturated com- 
pounds. . They form definite con^^^ounds with 
chlorine. The ^action of jute in dyeing is noticed 
elsewhere^ 

The jnany* opt^rations which cotton has to go 
thrcKigh in these processes are partly due to* original 
defects, and partly due to those acquired in the manu- 
facture (qjl, grease, &c.). They include : boiling in 
water, boiling in lime-water under pressure, treatment 
with dilute acid, boiling with resin soap, bleaching, 
treatment with weak* acid, thorough washing, and 
drying. 

The lime is said to form compounds with the fatty’ 
acids ; to remove certain substances ; and to act on the 
natural impurities, so that they are more easily 
removed by subsequent operations. 

The object of the next acid bath will be obvious. 
The effect of the following bath, soda lye, is to remove 
fatty acids. 

Boiling with this reagent is said to be the essential 
process to render cotton wool absorbent (Kilmer, 
J.S.CJ., 1904, 967). 

The loss of weight on boiling cotton with 
caustic soda solution is indicated in the following • 
table. 

Loss on boiling for 

Strength of solution. ^ 

Hall-hour. On^ hour. 

per cent. 4.41 per cent. • 571 per ce«it. 

2.5 5.08 7-33 ‘ 


6 
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Resin soap is added to the lye-bath when the co.tton 
is to be printed. 

The action of bleaching with bleaching powder, 
and subsequent acid bath, are processes which bring 
about changes in the colour of the impurities, and 
to a certain extent an oxidation of the cellulose 
itself. 

The importance of equal bleaching is evident from 
this point of view. The theory of bleaching has been 
considered by A. Scheurer in more or less detail. 

The additional attractive power of hydrated 
cellulose (hydrocellulose) for dy('s, must also l:e 
considered. This action has 1 r(‘n noticed by many 
observers, including Scha])()schnikoff and Minajeff 
* (Zcil. /. Farh. iind Text. Cli., I(H)3, 13; 1904, 1O3), 
and Hlibner and Pope (/. 5 . 1904, 404^ The 
iodides seem to be caj)able of rej)lacing causti(' soda in 
mercerising. If th(‘ fibre b(‘ soaked in a strong solu- 
tion of potassium iodich', and subscupumtly washed 
with alcohol, 15 per cent, of the salt is retained. 
After removing this with water tlu' fibre shows in- 
creased affinity for Benzopurpurine 4 B ; but no 
increased effect for basic dyes. 

Twelve hours treatment with boiling water will 
also greatly increase the dyeing effect of cotton for 
4B and decrease it for methylene blue (ibid.). 

It will therefore be seen that the fibres arc very 
sensitive to changes in either composition, or nature, 
when they are subjected to the action of solutions. 
Even in the case of water itself this action is ,very 
evident. Mere handling will at once show that the 
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phy^cal conditions have greatl}^ altered. The dyer 
is ino.'^t concerned with theVetion of aqueous solu- 
•tions, but ihc action of other solutions is of great 
interest from a general point of view. 

When cohsidering the action of different solutions 
on animali fibres during the process of dyeings espe- 
cially at ^high {einperatures, it is instructive to note 
theii* effect on solutions of albuminoid bodies. 

Some albumins may be salted out of their solu- 
tions by sodium chloride, or sulphate. Others are 
not acted on by these reagents. 

Ammonium sul])hate wjll, however, precipitate or 
salt out nearly all the*proteins. 

Hollmann considers that the point of concentra- 
tiorf at which a salt begins to precipitate an albumin, 
is just as characteristic for these substances, as is the 
point of saturation in a crystalloid. 

Prolonged boiling with dilute acids, or alkalies 
decomposes the albumins, forming among other 
substances a series of amino acids, including tyrosine 
and leucine, and diamino acids such as ornithine and 
arginine. 

So far as their reactions with salts of the heavy 
metals go, they act like acids, and form precipitates. 

Some albumins are said to yield insoluble com- 
pounds witl^ weak acids, and .may therefore be said ' 
to behave like a l*asc. 

They absorb tannic, picric, *and phosphotungstic 
acids in this way. 

Tife acidic and basic properties of these albumins, 
are said to recall^those of tl;e psei^do acids and bases. 
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These reactions ^ are of interest to the dyer. 
Fibres of animal origin undoubtedly assume the 
hydrogel condition on boiling with water. 

From a kiiidy of the general reactions we 
may obtain an insight into tlie possible results of 
treating these fibres in a similar way> and of 
varying the conditions of the liijiiors at the time 
of dyeing. 

Very little real work has bei'u done on the subject 
of the action of assistants in dyeing operations. 
This subject embraces what may be termed the 
action of such reagents as ^mids, alkalies, neutral and 
acid salts, &c., on the absor])tfon of the dyes by the 
fibres, and on the fibres tlumiselves. 

The nature of these actions is in many cases 
obscure, and it can hardly be said that in any case 
it is fully understood. 

From the practical point of view, this study is of 
the greatest importance. It is only necessary to 
instance the action of the addition of acid to the bath 
^n the case of dyeing silk, or wool, with acid colours; 
or the addition of salt to the bath in the direct dyeing 
of cotton with the direct cotton dyes to obtain darker 
shades. 

The first attempt to determine the relation 
'between acids and fibres was undertaken by Mills 
and Takamine (/.C. 5 ., 1883, 144). 

Their research on this subject was divided into 
two parts. The rate and' amount of absorption of 
individual acids by* silk, wool, and cotton, wal^ first 
determined ; and thjen thq relative aj^sorption of the 



S^TE OF FIb/es and ACTION OF ASSISTANTS 85' 

ftciffe by the fibres^ when more than one acid was 
pieseat. 

In the case where more than one acid was used, 
the results obtained were of special interest. 

For instancp the following table shows the results 
obtained# with mixtures of sulphuric and hydro- 
chloric acids with* wool and silk fibres, the ratio of 
absftrption being shown. 


Pro])f)rtH#i of 
HoSO^ to HCl. 

1 Wool. 

1 Sillc. 1 


HCl. 

1 

HCl. 

I 

1 to I 

5-0 • i 

• 

1 32.5 

6.63 

.87 

1 I to 2 

11.3 ! 

25.5 

5-0 

2.5 

0 

M 

• 

16.56 

18.4 

4.0 

3.5 


These figures at once show that tlie addition of 
the second acid influences the absorption figure of 
the first one. 

The writer of this book has made an extended 
series of trials witli acids of varying nature. If 
mixtures of hydrochloric acid and, say, tartaric acid 
are used, the estimation of the relative absorption 
of the two acids is an easy one. The former acid can 
be estimated in two ways, viz., by ” sodium car- 
bonate solution, and by 7io silver nitrate. 

After avowing for a certain amount of hydro- 
chloric acid, winch blank experiments indicate is 
present in the combined state in the solution, the 
writer could not trace any !^elective action of the fibre 
for i1ie stronger acid, as might -be expected if the 
general action ^as equivalent to^any chemical action 
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of an ordinary nature, such as might be anticipatfc'd if 
the amino acids in the fitlrcs entered into the reaction. 
These figures are not completed at the present time. 

Mills and Takamine found that the rate of 
absorption of the acids wlien present in “the ratio of 
HoSO^ : 4HCI by wool and silk is expressed by the 
following figures : 

R \TI-: OF AF.S()RFTI()N 


ImIih'. 

HoSOi 

lie; 

Woo] . 

100 


Silk . 

100 

1 75-" 


The maximum absorption ratio for silk and cotton, 
on the other hand, is given as. follows : 

\ci(l. Collon. Silk 

H,S(), . . I >.() 

HCl . . I 2.2 " 

NaHO- . . I 2.2 

In the cas(i of wool and silk the former takes uj) 
much more acid, but they bolli absorb about tlu‘ 
same quantity of sodium hydrate. 

When wool is treated with weak reagents 
separately in the proportion of HCl : NaHO, the 
absorption is in the ratio of 2HOI : jNallO. 

In the case of silk and cotton the absorptions are 
in each case 3HCI : loNallO. 

It is argued from this that ther(‘ is some intimate 
delation between cotton and silk, it woi|ld be more 
accurate, however, to assume that the action as 
represented by absorption of acids is a similar one 
in both cases* 

It would be of value to find out whether^ the 
relative absorption ^f aci,d and basjc dyes, follows 
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4lie?e figures. They should clearly do so if the 
actioHS arc identical ones.,* 

The figures for wool, silk and cotton, therefore, 
stand asp follows : * 


Wool ^ . 

HCl. 

1.5 NaHO 

syk . 

IICI. 

3.3 NaHO 

CoUoti • .• 

HCl. 

3.3 NaHO 


■ ^ 

The writer found when repealing some of these 

results that in the case of silk tlie absorption of acid 
reaches the maximum very rapidly. It is complete 
in a few minutes. After this no further alteration 
in the ratio bedween acid in solution to acid in 
fibre, took place. • 

So far as the experiments went, temperature had 
little effect on the action, but these matters are* 
under investigation. 

If the action of acid, and alkali, is a specific one, 
depending on the presence of amido acids in the fibre, 
it must follow the laws of ordinary chemical action. 
It is perfectly legitimate to argue from this action 
to that of dyes, when comparing their action on 
fibres. • 

The methods of estimating the absorption are 
definite, and, so far as can be seen, beyond question. 
The following results obtained with sulphuric acid 
solutions and wool are of interest. 


• 

Acid fniploycil. 

°/ Lcfl 111 solution. y. 

' Taken up by wool. 


■38* 

2.12 

5 

.2.17 

2.83 

10 

<>•37 

3 -t )3 

20 

15-87 

4-^3 

40 

j 5 -i 8 

4.82 
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These figures should be extended ; several rei^ults 
should be shown between o and 2.5 per cent, acid 
and the amount extended to, say, 20a per cent. 
There is a certain amount of evidence that there may 
be two causes of absorption, but nothing is definite. 

Up to 40 per cent, the maximum effect is not 
reached. 

Repeated extraction does not remove all the acid, 
but there are no reliable figures on this subject. 

The general effect will be better seen in the 
following curve wliich is plotted from the above 
numbers. 



ABSORPTION OF SUJ.PHUHIC ACH) BY WOOL. 
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. ‘the influence of time on the absorption of 
sulphuric acid in tlie cold (4?C.) is* shown in the follow- 
ing curves (Mills and Takamine.) 



INFIUENCE of time on adsorption of acid. 

[OH2, .'50 cc . : Wool 2. Or nrnis. : 11.2^0^.0625 ginis. Tinio unit | hour.] 

Action of Arids in Dyeing, Acid colours. — The 
generally accepted theory here is that the sodium 
salts of the sulphonic acids arc decomposed, and 
the dye acids set free. This action certainly takes 
place, and is an important one, but from the* 
chemical pgint eff view has not been satisfactorily 
settled. Frpm a practical poiM of view the excess 
of acid over and above the»amount required to set all 
the dye acid free, seems to be of qven greater.import- 
ance. All ^ilk dyers know that an exoesS of acid in 
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tile dye-bath has a pronounced effect on the' rate 
of absorption, and the 'amount of dye absorbed. 

A great deal of work has yet to be done on this' 
subject. For' instance, starting with silk, and a pure 
salt of an acid dye, the absorption results obtained 
by the addition of known amounts of acid»«hould be 
carefully noted. 

If the additional effect is due to the greater 
alBnity of the filin' for the free colour acid, a sudden 
diffi'rencc in the result would be expected at the 
point when the acid present is all set free. Care 
would hav(' to be taktai to see that the added acid 
was not neutralised by some fi'ore substance. To do 
this, it would be necessary to check the amount of 
free acid in the dye solution. 

It must be acknowledged that the effect of the 
addition of excess of acid in dyeing is obscure. 

If we assume that the excess of acid in the solu- 
tion is taken up by the fibre substance chemically, 
we should exjiect a decreased affinity for the dye 
acid. The effect of the addition of a second acid in 
the experiments of Mills and Takaifiine shows that 
this is the result produced in practice. Increasing 
the ratio of the one acid to the other decreases the 
amount of the second acid absorbed. 

• The result obtainc^d with the colour ^cids in the 
jiresence of excess of a mineral acid'is of the opjiosite 
nature. The amount of the dye absorbed is increased. 
It is possible .that the acid* modifies the state of the 
fibre eitjier chemically or otherwise, and that' this 
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nm^i be taken into account, as well as possible changes 
in tho solution state of the/dye. 

Quite recently some work has been done on this 
subject by Gchno and Suida {Monahfi, f. Chem. 26, 
S55), which ?^eems directly to contradict some of the 
previously recorded results. 

Usin^ purified wool, and dyeing with free colour 
aciefs of Crystal Ikmceau, Lithol Red, Fast Red R., 
and Alizarine Yellow G.G.W., the intensity of the re- 
sulting slmde is said to be indc^pendent of the pres(‘nce, 
or absence, of free mineral acid in the dye bath. 

The authors consider that the role played by the 
excess of acid is thaf of neutralising the lime, com- 
bined with the acid groups of the wool. 

The writer has observed that with silk this action 
can be directly seen, by allowing this fibre to remain 
in contact with deci-normal hydrochloric acid solu- 
tion, and subsequently titrating with both alkali 
and '7,0 silver nitrate solutions. The results indicate 
that all the hydrochloric acid remaining in the solu- 
tion is not in the free state. This complicates the 
estimation of the absorption of acids by fibres, and 
must be allowed for. 

It has been noticed that wool treated with 
sulphuric acid and subsequently washed has a con- 
siderably cRcreased affinity /or basic dyes, but it^f 
affinity for acid clyes is increased. 

If the wool is washed with* hot water, and trials 
arc made with alcoholic solmtion of sulphuric acid it is 
found that the subsequent absorption of bi^sic dyes 
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is slightly more in the case of hot water washing 
than when cold water ‘was used. In the case of 
a(] neons snlphuric acid the reverse action is noticed. 

On the other hand, the affinity for acid colours 
is considerably increased after wasliiiTg witli hot 
water, in the treatment with snlphnric acit^, in either 
aqneons, or alcoholic solution. 

Very similar results are obtained with li^^dro- 
chloric acid. On the otluT hand, treatment with 
acetic acid under these conditions has lit^tle effect. 
The wool after washing behaves like th(^ untreated 
samples. 

On boiling wool with a sulphuric acid solution of 
alum, considerable hydrolysis takes plact^, with loss in 
weight, and the formation of soluble amino acids is 
said to be the final result of the redaction. 

Wool treated with alcoholic zinc chloride (.1 per 
cent, sol.) and washed shows a decid(‘d loss in affinity 
for basic dyestuffs, and a greater affinity for Azo- 
fuchsine G. (acid colours). This effect is more 
pronounced than when an aqueous solution is used. 

The effect of a j)reliminary treatn'jimt with (‘ither 
alcoholic, or aqueous, sulj)lmnc acid befon* mordant- 
ing is said to be as follows. W’ith chromium 
sulphate no a])preciable difference is recorded, but 
with aluminum suljffiate strong(‘r dyeings are ob- 
tained. On the other hand, weaker shades are pro- 
duced with sul})hate 6f iron on subsecpiont dyeing. 

Wool mordanted in this w^ay also shows a reduced 
affinity ;^or basic dye-stuffs, and an increased affinity 
for acid ones. 
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* 

Treatment with ammonium carbonate solution 
is said.to reverse the action ffl the mordanted fibre. 

this secondary effect of acids is clearly seen in 
some ex}UTiments oh the absorption 6f /J naphthol 
sulphonic aeid R. The amount absorbed by wool 
is greatly increased by the presence of sulphuric acid. 
(Hirsch, (hem? Zclt. 13, 432.) 

The action h(‘re^ if a chemical one, must 6e on the 
wool, and here again w(‘ might look tor th(‘ opposite 
result to ^vdt which actually takes })lace. A careful 
study of this phenomenon is greatly needed. 

TJic action of acids in dyeing with basic colours is 
even more complicated than in the case of acid dyes. 

Suljdiuric acid is said to impede the dyeing of 
wool with strongly basic dyes (magenta, methylene 
blue, &c.), but to jnomote the action of slightly basic 
dyes like Light (ireen SF, and Acid Magenta. Hydro- 
chloric acid acts in the same way ((ullet. Rev, Gen. 
dcs Mat. Col., 1900, 4, 327). The fixing action of 
acids seems to be inversely proportional to the 
basicity of the dye-stuff. 

The action here from a chemical point of view is 
very obscure. There seem to be two possible 
explanations of this action. 

(1) That a more stable salt is produced with the 
more strongly basic dyes, and that consequently the, 
amornt of pase sft^sorbed will be less. 

(2) That the formation of basic salts, which are 
insoluble, in the fibre, is prevented ; 01; even that if 
the b?ise itself is precipitated, or fjxed, in the fibre it is 
redissolved*in the presence of exfcss of a Strong acid. 
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A weaker acid like sulphurous acid is said to haYe no 
action on the dyeing of wool. 

On the other hand Prud’homme {Rev. Gen. dcs 
Mat. To/., 18^8, 2, p. 209) gives the following table 
which indicates that the opposite is the efh'ct pro- 
duced in practice. The table shows tlv' altered 
attraction of wool for dyes after t/eatnient with 
sulphur dioxide and hydrogen peroxide', rypical 
acid and basic dyes were taken ^ and the rnaxiimnn 
dyeing effect taken as =100. , 


lUOllts 


1 ivatiiR'iil 


i Iiitt'iisilv of rt)]()iir, 

I 


1 SO, 

2 , SOdindHX)., . 

3 , SO;niid Na,CO,. 

4 I vSO, and H.,()^ and Na ,C(). 

5 Water only 


r>ctsK toloiirs 

\i 1(1 ( oloiirs. 

50 ‘ 

40 

100 

50 


100 

80 

()() 1 

20 

70 


Tlu'sc iiguTX's indicate a possible cause lor the 
results of uneven bleaching or d\’(‘ing in jaactice. 

Assuming that the wool molecule has iji its 
constitution the group 


I ■ I 

it is claimed that the above results are ('xplained. 
'S'he treatment would ppobablj' lead t(j the. formation 
of 

I I OH 

Our knowledge of the action of acids is in a Very 
elementary ‘ state. The rt'sults recofded* are very 
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contVadictory, an-d indefinite in their nature. This is 
specially the case with the ^dpllonic acids, he they 
dyes, or otjierwise. (Ireen, on the one hand, states 
that with the exemption of dehydrftthiotohiidinc 
siilphonic cii'.id ho could not find ^iny colourless 
sul})honic ^acids'^of phenols, or amines, which had 
any attraction* foi^ hbres. On the other hand, the 
resuks re(!orded by Hirsch and Vignon would*indicate 
that they may be absorbed. * 

It is probable that the study of the action of 
assistants will do more than anything else to throw 
light on th(‘ geiieral nature of dyeing. 

Action oj alkalies. -^-V^oyowii a general indication 
as to the action of these bodies on dyeing, we have 
little knowledge. 

Ill silk dyeing, for instance, it might be thought 
that thi'v remove the dye from the fibre by forming 
an alkaline, and soluble salt. The fact that they will 
almost ecpially well remove basic dyes is against this 
theory; and indicates that the general action is not a 
chemical one. 'fhey may act by increasing the 
solubility of thodye in the solution, or by counter- 
acting the attraction of the fibre colloid. 

The action seems to be a specific one ; soap, 
borax, the soluble alkaline carbonates, ammonia, act 
in the same way, although they vary in degree. For , 
instance, th? relative action of soap and sodium 
carbonate on ingrain colours •and direct dyes on 
silk is given elsewhere ; ajso the relat[ve amounts 
of a series of primuline dyes taken up by^silk in 
soap solutiop under standard conditions* where it 
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seems almost impossible for the sodium salt be 
decomposed. The ketian of these substances is an 
important one, but its study has been ne^lectcid. The 
use of these cK)nipounds in the batli itself ps chiefly 
restricted to the dyeing of cotton with the direct 
dyes, and the dyeing of alkaline t/me on wool or 
silk. • . 

The Tatter example is an interesting one'from the 
theoretical point of View, and one which seems to have 
been overlooked. In order to pr(‘vent the^too rapid 
dyeing of this colour, and also to obtain even results, 
the dye is at)plied in an alkaline solution. It is, 
therefore, fairly certain That* it is absorbed as an 
alkaline salt, and consecjiiently without combination 
with tlu' fibre substance. A weak acid will sub- 
sequently set th(‘ colour acid free. 

Action of neutral salts. -Ai is generally agreed that 
the action of these compounds in the dye-bath is of a 
physical nature. It is assumed that the decreased 
solubility of the direct dyos in saline solutions is the 
chief cause of their action. This may be so, but 
little work has been done on this subject to prove it. 
If this were the only action, it is clt^ar that in any 
solution the cotton fibre should dry a darker colour 
in the cold, for the dye would be still more insoluble 
ander these conditions. 

In practice the reverse is the^case.* The fibre 
state is clearly an ‘important factor, and here 
temperature ps possibly more important than the 
decreased solubility^of the dye under any wofking 
conditions.* 
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. f'nder constant conditions of temperature, &c., 
a <‘arefiil]y conducted series' of ex})eriments, dealing 
with the Illative solubilities of these direct dyes 
and their d\Ting actions in, say, solutions of sodium 
sulphatc^ of different strengths is required; also 
the relati,\T actions of the different assistants of 
this nature, as compared with tlieir intluence on the 
solubilities of the dyes, the solubility tests to be made 
at the temperature of dyeing. * 

A series of figures (W. M. Gardner, Text. 

1890, 345) has been given indicating the best jn'o- 
portions of salt to add to the bath to get the maxi- 
mum effect. The conditions of the trials are of too 
indefinite a nature to be of much value from a theo- 
retical j)oint of view. 

The experiments suggested above might be 
extended. Skeins dyed with colour should be boiled 
with white skeins in differemt saline solutions and 
the relative rates of diffusion compared, the relative 
solubilities under the conditions of the experiments 
being carefully noted. The writer hopes to give 
this subject attention. 

There is nothing which more clearly indicates 
the indefinite nature of our present knowledge of 
the subject of dyeing, than the absence of reliable 
information on the action of these bodies, especially . 
when we consider^ their great value, and general use 
in dyeing. • 

It is hoped that before long these interesting 
problems will be cleared up. ^ ^ 

Reference may be made to th^ e^Lperiments 



’ 98 CHEMISTRY AND PHYSICS OF DYEING 

of Hallitt on the action of sodium sulphate hi the 
dyeing of wool, which,* for convenience, is noticed 
elsewhere. 

The actioh of formaldehyde on the fibre sub- 
stances, and the influence of this body on the general 
process of dyeing are characteristic, and a further 
examination in this direction is needed. 

The coagulating action of the subs'tance on 
albumin and gelatin is well known. In a similar 
way, wool, and silk fibres are influenced by this 
reagent. 

The keratin of the wool fibre is rendered less 
solubh'. Beyond becoming harder the wool suffers 
little from this treatment. It is much more resistant 
to change in the presence of alkaline liquors, and 
steaming, or boiling in water, has less disturbing 
influence on the fibre. 

The treatment is, therefore, of advantage where 
wool is dyed with the sulphide dyes. 

In the same way the silk gum present in raw silk 
may be rendered less soluble under the action of 
alkaline liquids, and soap solution. - 

This reagent is used to fix direct blacks on 
cotton. In this case the application follows the 
actual dyeing, and takes place at a temperature of 
about i6oT'\ 

J. Collingwood {JS,D. and f., IQ05, 243) shows 
that with Diamine, Columbia and Zambezi Blacks 
the effect of treating in 4 his way is to increase the 
fastness to acids and washing. The fastness ib light 
is not appreciably altered. 
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• .Ihe dyeing of basic colours on cotton treated 
with casein followed by formaldeh3/de is of interest. 

The ba<hs are said to be exhausted, and the 
shades br-ight and good. * 

The Influence of Temperature on Dye Absorption 
is indicatcid in the following curves. 



KOSANIITNK AfK'l A 1 K ON WOOL. 

(Oll.j'joo cc. solution * I rrnn. p<T litre Woril 

The reversal in the absorption of the dye as 
indicated in the curve is attributed to dissociation 
stress, which is said to take place at high tempera- 
tures with this dye. 

Assuming Hocftl’s law, and considering the absorp- 
tion as due to chemical effect, a^ well as the dissocia- 
tion of the rosaniline acetute, ihe coirvbined effect 
should be proportional to the fourth power, of the 
temperature 
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Tho sum ol the fifth differences being only - .07, 
or very nearly zero, and' this being also a criterion of 
a quadratic curve, tlie equation of the curve is 

i. 

y - h (I h 1.46) t (/ I 1.46)'-' -t/ (/ I 1.46) ' -1 f’(/ -ri.46)' 

when y is amount of colour absorbed, / - tem- 
perature, and c, d constants of condition. 

A further set of experiments similar to fhe above 
{see curve 2) with a’conslant quantity (.0005 t^rm.) in 
excess of dye shows a double reversal as indicated. 

The results from this set of ligures indicate that 
at no practically attainable temperature, near to 
o°C. does colour cease to be ’^deposited. At about 
3g°C. the maximum colour is deposited (.oq per cent.). 
At 82° the curve falls lowest to the axis of no colour. 

'I'he general effect of using an excess of colour is 
to widen the range of t(‘mperature, within which 
colour is deposited; to increase the general dyeing 
effects; and shift the point of greatest deposition 
about 8° upwards, and to doubly reverse it hereafter. 

With mauveine the calculated ])oint at which no 
colour would be taken up is — 23.8°C. At 49° there 
is greatest deposition of colour ( .08 per cent.). Then 
there ensues a single infxcxion in the curve, and 
lastly, the curve descends rapidly to the axis of no 
.colour, although at 85^^. it is still remote therefrom. 

The positive disadvantage of dyeing with these 
basic colours at hi^i temperatures is therefore 
apparent, so. far as colour absorption is concerned. 

The. absorption, of dyes by wool has alsd' been 
studied by Brown {JS.D. and C., 17, 9^)- 
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. i'he dye left ‘in the solution on loo parts taken is 


shown for varying temperal: 

ures. 



J)yc. 

T 

.0^ 1 

1 

40 ' j 0( c 

.1 , , ! 

1 »u 1 

1 1 )( )“ 

Acid Maj:jgnta . ^ 

70 

14 ; 4 

i 4-3 ; 

5.6 

Tartrazinc • . 

46 1 

3 I 

1 I 1 

■97 

Indigo Canniiie 

46 ' 

3 1 3-4 

i 3-5 , 

6.2 

Acitl Grcon 

79 i 

18 4 


5-2 

Acid Violet 4 BW. . 

• * 

44 

! 

26 1.20.8 

1 

1 20.8 

28.7 

These* variations 

arc' of 

interest 

to the 

dver. 


They indicate the j)ossibility of different sliades being 
produced by a dye soliitkni containing mixtures of 
these dyes at different temperatures, irrespective of 
depth of shade. 

They explain also why in wool dyeing the fibre 
will often absorb a further amount of dye, if left to 
cool in the dye solution. 
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With mauveine the calculated ])oint at which no 
colour would be taken up is — 23.8°C. At 49° there 
is greatest deposition of colour ( .08 per cent.). Then 
there ensues a single infxcxion in the curve, and 
lastly, the curve descends rapidly to the axis of no 
.colour, although at 85^^. it is still remote therefrom. 

The positive disadvantage of dyeing with these 
basic colours at hi^i temperatures is therefore 
apparent, so. far as colour absorption is concerned. 

The. absorption, of dyes by wool has alsd' been 
studied by Brown {JS.D. and C., 17, 9^)- 
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I • 

©f two actions. It may be that both arc involved in 
the production of solution?. 

Stated • briefly, the molecules of the dissolved 
substance (solute) are either in assocSition with the 
solvent moK^cules; or else they sim[)ly migrate in an 
inert soWent, dr medium. 

The issue is therefore clear and di‘flned. 

In tlie latter case the solute is considered to be 
mor/^ or less in a state of dissociation, being sjilit up 
into ions«which also have the power of independent 
migration in the solvents, the cause of this action 
being unknown. 

The two theories •may be termed the association, 
and dissociation ones respectively. They may be 
said to include all the possible explanations of these • 
phenomena known to us at the present time. 

The association theory was primarily based on 
the work done by Mendeleef on the isolation of 
definite hydrates in solutions. The work of Cromp- 
ton and Pickering supported this view. Prof. 
Armstrong in this country, and H. C. Jones in 
America, have* advocated this conception of solu- 
tion. 

The original idea of Mendeleef supposes, that a 
series of hydrates are formed in the atjucous solution ; 
and that these hydrates are jn equilibrium with the 
solvent and witlf one another. It must be remem- 
bered that the presence of suCh compounds has not 
been recognised in the caf^e of many other solvents, 
but *a number of hydrates haye been isolated by 
crystallisation from aqueous solutionis by the abo\ e 
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investigators ; and many others have been indicated 
by the alteration in the physical constants of the 
solutions. 

Armstrong suggested that the association was 
only between the solvent molecules and ihe negative 
radicle of the solute only. ' » 

In dealing with the ])li(‘nomena of pseudo solution 
and de-solution in dye solutions (JS.C.I., 1905, 
228), 1 ventured to^ suggest that the action might be 
of an intermediate nature, it being assumed that the 
so-called secondary attraction of the solvent mole- 
cules for those of the solute corrc^pondiiv^ly reduc'es 
the primary attraction bi'tw-mi the ])ositive and 
negative radicles thus : 

(OH,),. . . . H- Cl . . . (0H,T 

As a result the hydrogen and chlorine atoms are 
never entirc'ly beyond the intluenct‘ of their primary 
attraction for one anotluT. Their mutual inlluence 
is lessened, but not entirely re])laced by the secondary 
attraction. 

On the otlua’ hand, Dr. Lowry has more recently 
advanced the hypothesis that actual dissociation 
may occur owing to the formation of “hydrated'' 
ions. For instance, he rej)i(‘s(mts the solution of 
potassium chloride as follows : 

K.(H,OL Cl(ILO)^,. 

The solutipn state, so far as the solute is ionised, 
is represented as split uj) into ionic hydrates. ' The 
full argument in favour of this theory is set 
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forth in a recent paper read before the Faraday 
Society. 

So lhat^ve have^the three possible stales of solu- 
tion, the 4onic, the associated, and the intermediate 
one, which •assmnes that the primary eind second- 
ary attraction are interchanj^eable and of thc^ same 
ord('r. 

TluTe’ is a further and alternative hypothesis, 
which associates the action in the case of acpieous 
solution mih the pn^sence of an unsaturated terx alent 
oxygen atom. 

I'lie subject is, therefore, narrowed douai, so far 
as our ideas extend af the present time, as indicated. 
Enough is already known to enable us to judge the 
importance of tlu^ whole subj(‘ct. It is im])ossible, 
however, at the present time to indicate the hy])o- 
thesis which will be ultimat(‘ly accepted as most 
truly representing the solution state. In the nu‘an- 
tiinc the dyer cannot fail to gain information on the 
condition of his solutions, and their possible actionSj 
by keeping in touch with the general principles lai(] 
down from tini*e to time in connection with thh 
subject. 

It may be generally stated that all substances are 
soluble in water. There is a])parently no exception 
to this rul^^ Even .such jiubstances as quartz 
platinum, an<l gol3, are soluble.^ Tt may be accepter 
as a fact, therefone, that no known substance is abk 
to withstand the solvenf action of Vater. The 
degree of solution varies ; sodium sulphate ^is very 
soluble, barkim ^ulphate is, relatively very insoluble. 
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Yet the solvent action is there ; the general action is 
the same in both cases.* 

When, therefore, water is brought into contact 
with any substance, fibres, dyes, salts, co])per vessels, 
&c., solution takes place ui every case*. Although 
this action may in some cases be^ neglected, yet, 
under certain favourable conditions it* ma3/»advers(‘ly 
influence the dyeing results. This solvent action 
may be greatly modified by the pres(‘nr{‘ of fhird 
substances, such as acids, or alkalies, and must be 
carefully considered. 

As previously stated^ the dissociation theory 
assumes that salts, acids, afid bas(‘s are more or 
less split up into electrically charged ions on 
dissolving in water. 

According to Faraday’s law, hydrogen and the 
metallic radicles are positively charged, while 
hydroxyl and radicles are negatively charged. 

Acids in aqueous solutions are supposed to act as 
such by virtue of the free hydrogen ions j)resent. 
Consequently the hydrogen ions in a given equiva- 
lent of acid are said to determine*’ its strength as 
an acid. 

These H ions arc also supposed to have the power 
of carrying electricity, and consequently the more 
•free ions present the, greater will be Jhe carrying 
power, or conductivity of the solut’ion. • 

Beyond a . certain stage of aqueous dilution 
Kohlrausch dound that the molecular conductivity 
of these substances reached a maximum value. 

The dissociation theory implies tjiat at this point 



SOLUTION AND.'tHE PROPERTIES OF COLLOIDS 107 ‘ 

• 

the. substance is entirely split up into ions, or, in 
other words, completely dissociated. 

Having* therefore determined the molecular con- 
ductivity, of an acid at infinite dilution ^that is to say, 
at the poini! of maximum dissociation), its molecular 
conductiwty at\iny other dilution greater than that 
will vary. as tlfe number of ions present. 

v^o that the ratio of the molecular conductivity at 
any^ dilution v to the molecular conductivity at 
infinite diJution will give the degree of dissociation at 
any other dilution thus : 

M. 

• Uco 

The future investigations on the action of dyeing 
will certainly be closely connected with the abnormal 
actions of substances in the colloid state. When the 
nature of the fibres and dyes is considered, it will be 
seen that every dyer should have at least an elemen- 
tary knowledge of the properties and actions of these 
bodies. 

The further study of this subject must un- 
doubtedly lead* to important results. Whether the 
advanced views held by some investigators will be 
ultimately accepted, or not, is hardly a fit subject for 
speculation. The study of these substances, their 
properties, and their relatic^ns to other materials* 
with which .they *m ay be brought into contact, is a 
wide one; and* many years Vill probably elapse 
before our knowledge is brought dowi> to anything 
like ^ firm or satisfactory basis. • • 

Be this •as ijL may, sufficient facts have already 
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come to liglit to lead us greatly to modify our views 
and theories, and undoi\btcdly this disturbing influ- 
ence will tend to become greater rather than to 
decr(‘ase. ' 

Not the least important result of those investiga- 
tions will certainly b(‘ dirc'ctly fo inllnenc(' our 
ideas on the so-called ionic th(‘ory of solution. It 
maybe that they will lead to its destruction orTlny 
may j)ossibly add 'additional, and p(Mha])s it may 
be said, much-wanted continuation of tke gi'in'ral 
princi})les laid down by those who support, ajid up- 
hold it against an increasing number of opjwsing 
facts. At any rate, th(‘ study of colloids wluai in 
a state of jiseiido-solution cannot fail to indicate 
fresh liiK's of research, which may, in their general 
effect, help us to understand many points which 
are at j)r(‘S('nt beyond our range of thought, and 
experience. 

It is here also, that the true relations between 
dyeing and jdiysical chemistry will become evident. 

There is little doubt but that many actions which 
arc; of but everyday interest to the d}'er, and at 
present almost beneath tlu. consideration of the 
physicist, will be ultimately recognised as of prime 
importance, and lead to a general (‘xteiision of 
.knowledge. , 

A rapid survey of the actions wliich make up this 
most useful art will niake this at onci^ evident. The 
extreme delicacy of the colour reactions, the nature 
of the dyes, the extj'eme complexity of the problem, 
which deals with the ultimate determinjition of the 
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fitre-state, and all that this entails, indicate that 
the future study of this subject cannot but have its 
direct influi'iice on the geiK'ral eonsideralions upon 
which w'e. shall ultimately base our knowledge and 
theoretical speculations on the state of matter, 

and the f(irces w’hich influence it. 

% 

(irahajii divided all substances into two 
classbs, VIZ., crystalloids and amorphous substances 
(colloids). We already know thal this division is of 
an arbitrary nature; but in the absence of a direct 
method of accurately determining the condition of 
the state taken up by these units in solution, as 
regards the exact condition of the dissolved sub- 
stance, we are unable at jiresent to do much more 
than indicate that this division, like so many others 
which were set up during the nineteenth century, is 
not altogether a satisfactory one. 

Crystalloids undoubtedly, when dissolved in, say, 
water, change its physical properties to a marked 
degree. 'I'hey diminish the vapour tension, lower the 
freezing-point, and raise the boiling-])oint. In fact, 
they act as if thc^c exists a more or less close relation- 
ship between the molecules of the solution and the 
solute, which modifies the nprmal properties of the 
solvent liquid. 

On the other hand, the so-called colloids do not- 
seem to enter intb so close a relationship with the 
solution system, and this seems to be confirmed by 
the fact that the molecules of the lattei seem to be 
preseitt in a state of higher aggregation. 

Correspctfidingly, they exert little iiifluence on the 
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state of the solvent, for they do not materially alter 
its freezing- or boiling-point or the vapour tension. 

These bodi(‘s are therefore regarded more in the 
light of mixtures, or suspensions than true, solutions. 

Hut all these divisions are of an arbitral y nature, 
and only serve as stepjiing-stones ‘'on ouiii way to a 
serviceable appreciation of the true fdets of the case. 
They are crude, and must never be accepted as "any- 
thing more than the scaffolding, which will ultimately 
be removed when our knowledge is more aomplele. 

Although in some ways the relationship between 
the solution and solute seems to indicate that colloids 
do not enter into such close* relationship with the 
solution, yet it must not be lost sight of that they 
persistently retain what we call “ water of hydra- 
tion.’' This, taken in conjunction with the above 
facts, will indicate the extreme complexity of the 
reactions which govern the relative relations between 
the two systems, 

(Solution + crystalloid) and (solution 4- colloid), 
and the impossibility of our natural division being 
anything more than a very iiicoihplete and un- 
satisfactory one. 

Colloids when mixed with water will generally 
form jellies when the i;ro})ortion of colloid to 
*wateris within certain, limits. In certain cases, the 
structure of these is so coarse that' it maybe visible 
to the eye under a low power objective. It is then 
seen to consist of a more or less solid framework 
througli which the .liquid is dispersed. ' 

The two states in which a colloid caii exist in a 

ft 
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solution state, iit^ing this term in its widest sense, are 
t( rmed the hydrosol state afid hydrogel state respec- 
tively. • 

In iti^ outward * condition, the forflier resembles 
a true solutwui, such as a solution of sugar in water. 
The latte^ is ofHhe nature of a jelly, and may be 
regarded a tVo-phase state. 

The dividing line between these two states is, in a 
way,^ a sharp one. It has been siid that the critical 
point t)et^een them is as sharp as the crystallising 
point of an ordinary salt, but our knowledge of this 
aUeration in the solution state when the one ])asses 
into the other is very inclefinite. It is difficult to 
form anything like a mental picture of what goes on 
during the transition stage. 

This idea of the solid framework through which 
the liquid is dispersed is perhaps the best, and only 
one, we have before us, which may indicate the fibre 
state of a silk filament at the time of dyeing. A 
similar state probably exists in the case of artificial 
silk under similar conditions. 

In the case ftf other fibres our ideas of their con- 
struction will be modified from time to time, as our 
knowledge of their physical structure increases. 

The crystalloids are capable of forming solutions 
which are perfect enough to j)ass through the inter-, 
stices of ^esc •colloid jellies with considerable 
freedom. This very interestiifg fact must be care- 
fully considered in its relation to tha presence of 
these*bodies in the dye solution^ and their jDOSsible 
action in dyeing. As a matter of fact, “the rate of 
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diffusion of tlu'so bodies through gelatine or agar- 
agar is ])ractically the ‘same as that llirough pure 
water. 

This was olearly pointed out by Voigtlai.ider {Zcit. 
/. Phys. Chcm., 1889, 3, 316), who closely studied this 
question. The influence of tenij)er^iture cyi the rate 
of diflusion is very mark(*d. Ah increase in tem- 
perature will greatly increase the rate at Which the 
salt will equalise itsHf over the whoh' solution svsttan. 

When the action of tc'inperature on , dyeing is 
considered, it will be seen that this action is one of 
special significance. 

The following table indicates the rc^lative rate of 
diffusion through agar-agar of souk' ty])ical sub- 
stances at different tenij)eratures. 


Substance 

! at (" 

<l t 2( 

at 40" 

Formic acid . 

• 47-2 

.867 ; 

1.40 

Acetic acid 

.318 

.()^0 

1.04 

KHO . 

. 1 I. or 

1*75 

2. tf) 

KCl 

. 1 .786 , 

1 1 

1.40 

2.18 


On the other hand, the so-called colloids cannot 
pass through j(‘llies or membranes excejfl at very slow 
rates. It is only recently that it has been recognised 
that these bodies will pass at all. Dialysis, or the 
separation of colloids from crystalkids in their solu- 
tions is founded on 'this fact, amj is a process in 
common usejn chemicaUanal3/sis. 

The explanation of this action is obscure.* Our 
knowledge 'of the subject is limited, an^ the possi- 
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bility of colloids passing’ through membranes is one 
which deserves further attention. 

Just as :t is possible to jnepare membranes which 
are permeable to water, but which will stop the 
passage of some salts (crystalloids), so at least some 
colloids arfcf capable of slowly passing through certain 
membranr's. 

niese semi-permeable membranes, which will stop 
the i)assag(‘ of crystalloids in soiue cases, are natur- 
ally clos(T in their structure than the ordinary ones. 

A porous pot holding in its structure a gelatinous 
precipitate of ferrocyanide of copper will act in this 
way. {Pvoc. Chem. Soc.^ lix. 344.) 

It is interesting as a matter of history to note that 
this ])assage of licpiids through films (parchment * 
paper, bladders, &c,,) which is called osmosis, was 
first noticed by Abbe Nollet in 1748. 

It may be here mentioned, and it is pointed out 
in fuller detail elsewhere, that in considering the 
cause of this action which leads to diffusion it is not 
sufficient to assume that the size of the aggregates 
in solution is the only controlling factor. 

The author has attempted to explain the slow 
dialysis of colloids by assuming that molecular migra- 
tion takes place in pseudo solutions from one aggre- 
gate to the other. ^ 

This idea of ntolecular migration in pseudo solu- 
tions is founded by analogy, on*the Poisson theory of 
atomic migration. It offers a possible* explanation 
of the*mechanism of the dialysis of colloids (IJreaper, 
/.S.C./., xxiv. 223, and J.S.D. and C., May 1905). 
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This migration of the individual molecules from 
one complex to anotlief'may explain the slow dyeing 
action, or absorption of lakes like those of alizarine 
by the onc-b"kth method, where the so-called mole- 
cular weight of the aggregates is a high one ; the 
‘'levelling up” action in dyeing p' the passing of a 
solution of gun-cotton through a membrane; and the 
slow “ripening” of solutions of cellulose, or its com- 
pounds, in the manufacture of artificial silk. 

By assuming this action, it is ])ossible.do '('X])lain 
the slow passage of large aggregates through a 
membrane, or “sieve,” where the direct passage 
is prohibited by size. 

An alternative explanation given by Prof. Ramsay 
[J.S.C.L, 1904, 296) is, that the cotton molecules 
may become deformed in shape, and glide through 
the interstices of the im'inbrane like worms. 

If a solution of a crystalloid be separated by a 
porous membrane from jmre water, cc*rtain so-called 
asmotic plu'nomeiia are set u]), and enormous pres- 
sures may result from this action. 

This osmotic juessure maybe measured diia^ctly, 
3r, more easily calculated. In the case of mineral 
icids and salts the actual pressure is in excess of the 
:alculated results. From certain theoretical conclu- 
sions Arrhenius accojints for this by assuming the 
dissociation of the acid, or salt.” In this way the 
[lumber of individual units in solution is increased, 
and with it' the pressure, or osmotic effect. 

There is no generally accepted view as to the 
;:ause of osmotic pressure, 
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TJie dissociation theory assumes that the dis- 
solved substcnce exists in th*c solution in a state, so 
far equivalent to a perfect gas, that it obeys laws, 
which are ^similar to those governing the latter. 

The association theory, on the other hand, 
assumes some att’^ctive force at, work which forms 
aggregates, consisting of solvent and solute mole- 
cules." At any rate, the phenomena of osmosis are 
dirc'ctly connected with the state of the solution at 
the time they arc exhibited, varying with the con- 
dition of the solute, and its solution state. Action 
at the surfaces of the membrane also seems to play 
an impor^^ant part in these pihcnomena. 

The absorption of water by colloids is clearly of 
tlie Jirst importance to the dyer. The preliminary 
oy)erations to dyeing, apart from the cpiestion of the 
colour and gloss of the fibre, and its condition during 
the mechanical stages of its manufacture, are chiefly 
connected with the object of presenting the fibre in 
a uniform condition to the dye-bath. All foreign 
substances of a nature which will defeat this end, 
such as wax, grease, &c., arc as far as possible 
removed by alkaline, or other treatment. The 
thorough wetting out of the fibre before it is brought 
into the presence of mordant, or dye, is also well 
understood, and its need cani\ot be over-estimated. 

From the the&retical point of view, all these 
operations are couducted with flie object of equally 
permeating the fibre substance with tiie aqueous 
solutiohs. The result of this is. to obtain fibre 
condition, corresponding more, or less, to the so-called 
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hydrogel state and as far as possible an equal state 
of hydration. 

A study of the way in which silicic acid gives up 
its water of hydration indicates the state -in which it 
is held. The elimination of water by this hydrogel 
is a gradual and continuous oin^A decreasing as the 
anhydrous state is reached (Bemme'len, /.cit. Anorg. 
Chcm., PI, 2jj). ^ ‘ 

Ihe influence of these hydrogels on tin; jrroperties 
of the “solvent” is small. < 

Th.c colloids exert little or no inlluence on osmotic 
pressure, boiling-point, freezing-])oint, or electrical 
conductivity of the solution,' and i]i this way differ 
entirely from crystalloids. 

It has been shown that solutions of these colloids 
may be made to gelatinise, or enter the hydrogel state, 
by the addition of small (juantities of certain sub- 
stances. 'I'his action is different to that shown when 
a crystalloid is made to ])artly leave the soluble state 
in a .supersaturated solution, by the addition of a 
crystal, or other substance. It is only local in its 
effect in the case of colloids. '' 

The hydrogels have undoubtedly the power of 
absorbing foreign substances in solution. For in- 
stance, metastannic acid readily absorbs hydrochloric 
acid, or sodium sulphate, and, prcbably, many other 
substances (Bemmelcn and Klbbbie^ Zeit. Anorg. 
Chcm., 23,111). The concentration of the hydro- 
chloric acid was often found to be greater than in the 
solution. The absorption factor ’ 

K = cone, in colloid / cone. ,in HrD, 
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is not. a constant in this case, but is dependent on the 
concentration at tlie })oint of equilibrium. 

A funner point is that the absorption of sub- 
stance's is proportional to the hydration S/ the colloid. 
This is of the* greatest interest from the dyer’s point 
of vi^'w. I 4 is foi.nd that silicic acid absorbs com- 
pounds in the ratio of its state of hydration (Bein- 
melen* J . Jitr Chem.^ 23, 324). Similai interesting 
results were also obtaiiK'd with ?^nO.^ in different 
states of lyydration. 

SnO^.2.311.,0 absorl)od more acid than Sn02.i.2 

* 

Wh('n we consider the conditions of the libres 
whicli give the best dyeing results, so far as dye 
absoi'ption is concerned, it will at once be seen how 
clos('ly they a])proximate to those which give the 
higlu'st absorption results in the cases of inorganic 
hydrogels given above. 

The importance also of an equal state of hydration 
from the dyeing })oint of view is clear when we 
remember that it is very desirable to obtain an even 
shade, or absorption of dye. This is a necessary 
condition so far as piece or yarn dyeing is concerned, 
in practically all cases, although not so necessary 
in dyeing loose wool, o^ cotton. 

So that the condition of th^^ fibre at the time of 
dyeing is of the first importance, and probably the 
conditions of the* dye solution are unconsciously 
arranged or determined by the dyer as *much with 
the object of obtaining a correct fibre condition, as 
modifying tin* physical (or chemical) state of the dye 
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solution.' The dyer must recognise the possible and 
variable action of the fibre as well as the dye-stuff, 
wh('n the conditions of dyeing are altered. 

Hydrogels, particularly those of the dioxides of 
silicon, tin, magnesium, cS:c., can foiin absor])tion 
compounds with gases and liquid A, and m*e able by 
absorption to remove acids, bases, ‘saltsj &c., from 
solutions in which they ar(i placed. 

This action goes on until a stale of equilibrium is 
established. The state of equilibrium alters under 
changed conditions of temperature, strength of solu- 
tion and amount of liquid per unit of hydrogel. 

The principal phenomena 'of absorption have been 
described as follows (Bemmelen, Landw. Vcrsuchs. 

35, 69): 

(1) When an absorbent substance gains, or loses 
some of the absorbed substance, in all probability 
each particle becomes equally richer, or poorer, in the 
absorbed substance. In this way they dillcr from 
chemical compounds. When the latter suffer dis- 
sociation a certain number of moh'cules are com- 
pletely decomposed, and the rest remain intact. 

(2) The power of absorption is not constant, but 
varies as the action goes on. The attraction for the 
first ])ortion is strong. As more is absorbed the 
tendency to absorb -decreases ra])idly, The action 
takes place more slowly. In the same way the latter 
portion is given up more readily^to solutions. 

(3) The; absorptive power of colloids varies with 
their -method of •- production, and the subsequent 
treatment they are exposed to. , 
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(4) drogels may change into ordinary chemical 
liydrates acquiring a definite^ composition, and even 
a crystalline form. In doing so they lose the power 
of forming absorption com[)ounds. • 

It would* seem, therefore, that at, say, a higher 
temperatiiie th(' r^^sidual chemical attraction is more 
delinilely confined to the hydrate complex. 

Tliis is* indicated also in the fact that the forma- 
tion of a colloid compound is accompanied by the 
evolution jf considerably less heat than is evolved 
m the formation of the corresponding crystalline 
form. 

^5) Increase of temperature affects the absorptive 
power. It s('ts free a certain amount of water from 
the hydrogel, and also increases the solvent action of 
the water, or tlu! substance absorbed. 

Conseepienlly the rate of absorption decreases. 

{()) Every hydrogel has its own specific rate of 
absorption for each acid, base, or salt. One hydrogel 
may absorb acids more powerfully than it does other 
sul)stances, another one will absorb bases more 
})owei fully, and^another salts. In general, absorp- 
tion is strongest when under the circumstances the 
hydi'ogel, and the absorbed compound can combine 
( iiemically. An example of this action is seen 
in tlie case of stannic acid. ^ This absorbs a good, 
deal of sul})lmriC acid, but much more potash. 
(a) The substance dissolved may be proportionately 
divided between the water* of the hydrogel and the 
water*of the solution, as in the ca^e where potassium 
chloride is » absjorbed by the hydrogel* of Alica. 
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(h) The hydrogel may absorb a larger proportion 
of the dissolved substance. The hydrogel of meta- 
stannic acid will absorb nearly all the potash from a 
solution. 

This absorption may ev(‘n cause decomposition 
of the dissolved substance. The iiyclrogtl of silica 
will remove potash from potassium carbonate, or soda 
from disodium phosphate. On shaking uj) the same 
hydrog(‘lwith calcium carbonate and potassium chlo- 
ride, there is an absorption of lime and pottash, and a 
corresponding amount of calcium chloride and calcium 
bicarbonate remains in solution. Some ])otassium 
chloride is also absorbed.* 

(7) The condition of the hydrogel and its weight 
being given, th(‘ tem})erature also being known 
and remaining constant, and the hydrogel not being 
soluble in the solution, the amount of a ])articular 
substance absorbed by it varies with the state of 
concentration, and with the amount of solution. 

A state of e(juilibrium is (‘stablished between the 
absorptive action of the hydi*ogel on the one hand, 
and the opposing action of the water on the other. 
If chemical decomposition also takes })lace, the 
attraction of chemical combination takes part in 
producing the equilibrium. 

The stronger the splution the more^of the sub- 
stance is absorbed, but in decreasing quantity. The 
limit is reached when ‘after the equilibrium is estab- 
lished the liquid is in af saturated condition. No 
satisfactory formula can be obtained to represent 
the action generally, except in very dilute solutions, 
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and-where the absorptive power of the colloicl is weak, 
when the curve obtained is practically a straight line. 

(8) One* crystalloid absorbed by a hydrogel may 
be replaced by another. 

If a hydrogel which has absorbed A be placed in a 
solution of a substance B, then the solvent will dis- 
solve out some of A, and at the same time some of B 

• % 

will be absorbed until equilibrium is established, but 
no ttiy^ substitution takes place. 

If the absorption quantities are small, A and B 
are absorbed without mutually influencing one other 
to a noticeable extent. If the quantities of A be 
large, -here may be a loss by substitution. 

The last ])art of A absorbed, which is not held 
so strongly, may be replaced by B. 

It has been noticed, however, that by repeatedly 
treating the hydrogel with solutions of B, the 
latter may entirely replace A. In the event of 
chemical action taking place between A and B in 
solution, the action maybe greatly complicated, and 
even entirely altered. 

The ultimate absorption of the substance by the 
hydrogel depends entirely upon the final state of the 
solution. 

An important statement has been made by 
J. Billitzer (,Zcit. Phys. CJiafhj 1903, 45, 307), as a* 
result of some experiments on the carrying down ” 
of calcium, chromium, sodium and potassium chlo- 
rides when they precipitate* colloids. The fact seems 
to be established that they act in the ra1,io of their 
chemical eqfiivajents in their precipitating action. 



122 CHEMISTRY AND PHYSICS OFf DYEING 

If pota'ssium chloride is used as the precipitating 
electrolyte, acid is set free when the colloid is electro- 
negative ; on the other hand, when the cfi^lloid sub- 
stance is electropositive alkali is liberated. 

The colloids may be divided into two classes, 
according to their action, when in,der th(^ inlluence 
of a high E.M.F., and may be classifiecl into electro- 
positive and electro-negative units, as^ ^the case 
may be. 

The electro-negatively charged particlcsf move to 
the anode, and the electro-positive ones to the cathode. 

Colloids, or suspensions, which are charged in 
opposite directions will precipitate each other if 
present in certain proportions. 

Aniline dyes act as colloids in this respect. The 
acid dyes were found to migrate towards the anode 
and the basic dyes towards the cathode (^Neisser 
and Friedemann, Chem. Cenir, ^3^7)- 

The coagulating effect produced on solutions of 
colloids by reagents is of a complicated nature. It 
does not seem possible to give any definite reason for 
their action. We must content ourselves with the 
recorded facts which in themselves seem very con- 
tradictory ; they at least indicate the very complex 
nature of the phenomena before us. 

• The one thing which seems certain is that electro- 
lytes, or soluble salts^ have the power of degrading 
hydrosols into hydrogels, and tlia^^ in doing so the 
precipitating reagent niAy be partly, or wholly, 
precipitated at the* same time. It must, ho\Vevcr, 
be remembered that other substance^ wiJl also preci- 
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pitate colloids. That this action ma^ be of a 
TiKTiianical nature is seen in the fact that if barium 
sulphate fs shaken up with some hydrosols, it will 
carry down with it a good deal *of the colloid 
substcincc.* 

In other ca'^es, we may have a soluble salt 

acting ip this way, and being decomposed in the 

• % 

process. ^ 

^ ft 

J^Duclaiix (Compt. rend., 1904, 138, 571) affirms 
that thS precipitated colloid usually contains a 
certain amount of one of the radicles of the salt used 
to i^roduce coagulation, ^the change being produced 
b}* simple substitutibn of one of its radicles for an 
equivalent amount of one of the constituents of the 
colloidal substance. The solution alter coagulation 
will contain a small amount of the radicle displaced 
from the colloid. Linder and Picton’s recent work 
seems to support this. 

It seems that in the neighbourhood of the coagu- 
lating point a slight change in equilibrium will pro- 
duce a much larger visible effect on the colloid, 
o that the latter is easily precipitated. 

The precipitation of proteid substances by acids, 
copper, or silver salts is in each case a reversible one, 
the precipitate dissolving in excess of the reagent. 
(V. Henri ,and A. Meyer, C^mpt. Rend., 1904, 138, 
757.) This is a reaction wdiich it will be advisable to 
keep before us ifi the study of the action of mordants 
and dyes. It may be j^ossible to explain certain 
reactions in this way, which at* present ^ar« more or 
less obscufe. 
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It would ‘follow that the composition of the fibre 
might be expected to have a great influence on the 
results produced in different cases. 

All inorganic colloids s(‘em to be more* or less 
absorbed by cotton, wool, or silk fibres'. I'his is 
stated to be cjuitc' independent of the •chemical 
nature of the dissolved colloid. (W. Bihz, Bcr.^ 

1904, 37, ^ ‘ 

It is, ])(Thaps, *not safe to argue from the 
inorganic to the organic colloids so far ‘as their 
general reactions are concerned, for the inorganic 
colloids seem, at best, to be present in a very degraded 
state in their solutions. As before be(ii pointed 
out, they may be carried down in a mechanical way 
by such rough suspensions as barium carbonate, and 
are then firmly held against resolution. Organic 
colloids such as dyes are not so readily carried down, 
or held, in this way. 

In passing it is interesting to note that the metliod 
of precipitation of insoluble salts in colloids like 
gelatine, is of an irregular nature, so far os distribu- 
tion is concerned. Liesegang noticed, for instance, 
that silver chromate precipitated in situ fin capillary 
tubes) by the diffusion of silver nitrate solution 
into gelatine in which potas.sium chromate has been 
dissolved, gives rise to ynequal precipitaHon. The 
silver chromate occurs in lamina; al right angles to 
the direction of the tuW. • 

The relative conditiort-state of hydrosols and 
hydrogelg so far as is known, is as follows. The two 
states seem to be in a way, distinct, ^ that is to say, 
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ft 

there is generally a critical point in the pJissage from 
one state to the other which corresponds, in a rough 
way, with* the difference between the solid and liquid 
state in. ordinary substances. This statement must 
only be talven in a general sense. Further knowledge 
may indicate tlKit the dividing line is an imaginary 
one, but* for f)ractical jnirposes we may consider the 
two stat\as distinct. Taking the hydrogel state as 
consisting of a framework, more or less perfectly 
develops!, as the case may be, permeated by a liquid, 
it may be said to be a two-phase system— the frame- 
work or more insoluble portion corresponding with 
the solid phase, and ^he other with the solution state. 
In this gelatinised state the water may be partly held 
by capillary action. The power with which colloids * 
will take up moisture is immense. The molecular 
lorces which come into play when colloids lose 
water are correspondingly great. Gelatine on drying 
will strip off the surface of a containing glass vessel. 

The rate at which chemical action may take place 
in colloid solutions is not altered to any great 
extent. 

The classification of the colloids is evidently 
impossible at present. It has been proposed to 
divide them roughh^ into two classes, having res- 
pectively a molecular weighj either above or below 
20,000. In the former we find starch (25,000), silicic 
acid (49,000), a»d in the latter would come tannin, 
dextrin, ferric hydroxide* (6000). 

It would seem that it is the colloids gf higher 
molecular weight which give non-reversiblc solutions 
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on freezing;. (Linnebarger, /. Am. Chcm. Soc. 20, 
1898, 375.) 

Such proposed methods of separation. as that of 
shaking upitlu? solution with barium sulphate hardly 
deserve attention. 

Until we more thoroughly reajise tin; state in 
which colloids exist in pseudo solutions, it will be 
impossible to derive any satisfactory nri^ihod of 
classification. 

There is need for a standard of solution, and 
a ready method of comparison with other states. 
This may either take the form of a standard solu- 
tion, or a calibrated porous partition for diffusion 
experiments. 

A colloid which seems dry to the touch (such as 
gelatine or silk) contains a considerable amount of 
water, which it may lose on further drying at a 
temperature of 100° C., the state of the fibre continu- 
ally changing with its composition. This action, at 
ordinary temperature, may be a reversible one. If a 
colloid be dried so that its vapour tension is nil, 
it may regain its water partially, *or entirely, on 
exposure to the air. This will depend on the com- 
plete reversibility of the process, and will vary with 
different substances and conditions. 

. In a closed space partially saturated with mois- 

* I 

turc, a colloid loses water until it!> vapour tension 
is equal to that of the surrounding medium. 

The rapidity of dehydration constantly diminishes 
until it .reaches a minimum as the vapour te*nsion 
approaches that of the enclosed air. For example, 
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colloidal metastannic acid containing 2.3 mols. of 
water lost .55 mols. the fitst day. The quantity 
lost deci eased gradually, until on the 13th day only 
.01 mol. .per day was lost, and the composition was 
.79 mol. OH2. (Bemmelen, Rcc. Trav. Chim.^ 7, 37.) 

When ihis process of hydration becomes non- 
I't^versiblOj which happens when most colloids lose 
wal(*r, esj'i^ially when drying at a high temperature 

complicates the action, thenon-revA'sible modifications 

have* a diiiinished absorj^tive power, but at the same 
time they retain their water with more energy. This 
is an indication that the secondary chemical action 
involved may be constant *111 its amount, varying in 
int(‘nsity with the ratio of colloid to water. In the 
transformation of a colloid into a true hydrate a state 
of ecnhlibrium is reached with fewer molecules of 
water, with the formation of correspondingly larger 
aggregates. It may undergo modification at a 
suitable temperature, so that it becomes insoluble 
in the medium in which it was originally dissolved. 

Colloidal silica will hold more water at 50°, or 
even at loo"", ifl a medium saturated with aqueous 
\'apour, than at 15° in dry air. (Ibid. Rec. Trav. 
Chim.^ 7, 69.) 

The precipitating action of salts on colloids seems 
to be a general one. 

The ideah?s been put forward that the precipita- 
ting action of col]pids is a dehydl-ating one. Tomasso, 
(Compt. Rendus, 99, 37) does not agree with this, some 
salts, -it being held, acting in th^ opposite direction. 
Sodium acetfite, sodium sulpbAte, potassium bromide, 
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and potassium chlorate are said to' act by retarding 
the dehydration of cupric hydroxide into copper 
oxide. On the other hand, potassium chloride and 
sodium carbonate act in the reverse direcHon. 

All proteids (except peptone) are preci.pitated by a 
neutral solution of ammonium sulpl'iate. ^11 colloids 
seem to act in this way, including soap, soluble carbo- 
hydrates, glycogen, &c. (Nasso, s Archiv. 

41, 504-) 

This writer will not allow, however, that the 
cause of the precipitation is due to the struggle for 
water which takes place between the colloid and the 
salt. A series of experim^nts«tend to show that this 
is not sufficient to explain the results obtained. 

The presence of a salt is not necessary to preci- 
pitate the colloids. Idaff, Geiger, and Payen have 
shown that separation may take place by freezing 
in some cases. A colloidal solution of antimony 
trisulphide (Schultz’s method) is entirely separated 
by freezing. On the other hand, albumen is not 
separated, or, if it is, the action is a reversible one. 
(Lubavin, /. Russ. Chem. vSec., 21, *397.) 

The reduction of the freezing-point of water by 
colloids is very slight. This indicates v(‘ry high 
figures for the molecular weights. 

Gallic and tannic acids are said by Paterno (Zeit. 
Phys. Chem. 4, 457) to show a very high molecular 
weight. When dissdlved in acetic ,acid they are said 
to give normal results. cThis is, however, denied by 
Sabaneeff (/. Rus^ Chem. Soc., 22, 102). • 

The state of egg albumen (15 per .cent, sol.) is 

f 
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said by this investigator to correspond with a mole- 
cular weight of 15,000. 

On tlic other hand, Gladstone and Hibbert {Phil. 
Mag., 26, 38) obtained results by Kao^lUs method, 
which indicah' a molecular weight of 2000. 

(iuthrie’s original statement that colloids do not 
influc'nco tli(‘ loiling-point (or freezing-point) of 
watep, or \v other words, that the tension of aqueous 
vapour of solutions of colloids equals that of water, 
is not torn^ct. Gelatine, for instance, is said to raise 
tUe boiling-point. 

The student is referred to the work done by 
Morris {Trans. Chem. Soc. t888, 610, and 1889, 466), 
which indirectly is of interest to those engaged in 
th(i study of the absorption of dyes. 

Hydrolysis in solution certainly seems to take 
place in many cases. For example, potassium 
cyanide is partially decomposed into KHO and HCN 
in aqueous solution (Shields, PM. (5) 35, 365). 
The action of water in producing this effect is called 
hydrolysis. 

Probably all .’alts are hydrolysed in aqueous 
solr.tion, but in many cases to an exceedingly 
small extent. 

Esters as well as salts are hydrolysed. Methyl 
anu etii^T acetates are decomposed into acetic acid 
and the corresponding alcohol. The extent to which 
hydrolysis takes pl^ce is regulate’d by mass action. 

{J-C.S., 1905, 26). considers that the de- 
composition of ammonium salts on boiling is due to 
hydrolysis, ai^d not dissociation. 


o 
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The eases where hydrolysis is 'possible are said 
to be : 

(1) Salts from weak bases and strong acids. 

(2) Salts^from strong base and weak acid. 

(3) Salts from weak base and weak acid. 

It would therefore seem to be a function of an 
unequal atomic bond, and this conhrms the above 
theory of association rather tlian dissociation/ when 
the actual reaction between the water molecules and 
the solute is considered. For instance,, 

KCN + HP HCN + KHO. 

The laws for electrical conductivity in the above 
cases are stated to be 

, . C (acid) X C (l)aso) 

C(sall) ' 

and in the case of (3) 

C (acid) X C (base) _ y 
O (salt) ■ 

In (i) the amount of the action is stated to depend 
on dilution. In (2) it is independent of dilution 
beyond a certain limiting value. In (3) hydrolysis 
is nil, or inappreciable.* 

The influence of the dissociation of dyes in 
solution has been discussed by Vignon (Bull. Soc. 
Ind. de Mulh. 1893, 407 and J.S.D. ani C. 1893, 44). 

I 

* For further information on tliis subject the following may he 
consulted — Whlker : Zez/. PAys. Chem., 1889,4, Arrhenius 

(ibid.) 1894, 407,’ 3.nd Van’t Hofl, Chemische .Dynamik, 

(1898) I2I-!i26. 
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From this point of view the three factors influ- 
encing the action of dyeing would be : 

(1) The absorbent fibre ; 

(2) The dye-stuff ; 

(3) The solvent ; 

an eouilibrjum being established and determined 
by, chemical foices, and the conditions of dissocia- 
tion, •resuPfing in any case in the dye effect 
observed. 

This" matter has been further studied in greater 
d( tail by Knecht (/. 5 .D. and C. 1898, 59 ; 1903, 158 ; 
1904, 59 )- 

Diamine sky blue, for ‘instance, is said to dis- 
sociate quite as readily as any basic dye, when tested 
by thf' filter-paper method. 

On the other hand, the sulphonated basic dyes like 
acid green, or acid violet, show no dissociation by the 
above test. These results are said to correspond very 
clos(‘]y with the dyeing effects of these dyes on wool. 
The* alcoholic solutions of these dyes do not show 
dissociation by this test. They have also no dyeing 
power on wool. It will be noticed, however, that 
the ]iossible difference in the action of alcohol and 
watei on the fibres themselves is disregarded. 

I'he halo formed on paper by this method with 
magenta can be prevented if ^hydrochloric acid is 
present in the free state. Correspondingly, wool will 
not dye in the sajne acid solution of the dye, and 
this reagent may act by proventing the dissociation 
effect in both cases. , 

Acid colours will show this separation of the 
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resiiltinj^ shade is not very fast against washing, 
indicating that it is imperfectly fixed in the fibre 
substance. 

In the ‘V^aine way, precipitated cellulose, wln*ch is 
in a more highly hydrat(Kl form, will dye more readily 
than the ortginal cotton with some dyes. They are 
alsro faster against washing. It must be remembered 
in connectfon with thi.'. subject^ that mercerised 
cottoi\ will give a darker sharle with the same per- 
centage of'dye. 

It may be argued that the increased absorp- 
tion is due to the greater ^ number of OH groups 
present in the cellulose mokicule, or aggregate. In 
coniK'ction with, this it may be noted that the 
cellulose tetracetate, which is very resistant to any 
ordinary hydrating action of watcT, as tested by its 
physical properties, will not take up dyes under 
these conditions. 

It has been stated that alizarine lakes, which are 
solubk^ in alcohol-ether, are readily dyed on cotton 
from such a solution. If this is so, the matter is one 
of interest, on which the writer hopes to give 
further details later. It is difficult to see how 
dy^dng can be due to chemical action in this case. 

U is possible that light may be thrown on the 
subject of flip colloid state by the study of the • 
mutual solubility of liquids. J,. F. Kuenen {Phil. 

1903, (15^) expresses the of)inion that 
in these mixtures and at the point of satura- 
tion, tfie molecular conditions s^t up, w.hich may 
probably be* represented by a high molecular 
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attraction, make it impossible for the solvent 
to dissolve more than a limited amount of the 
solute, or second substance, without entering upon 
an unstable condition. If this is so ' with par- 
tially miscible liquids, the same shotdd apply to 
pseudo-solutions. Beyond the point oi saturation 
the solute will be in a state of abnormal aggrega- 
tion. 

As has been pointed out by h'. G. Donngn (Phil. 
Mag. 6, vol. i. 647), we have to account'for the fact 
that a solid substance C, when brought in contact 
with certain liquid mediq, breaks up, or disintegrates 
into these media, but in sucK a manner that the dis- 
integrating process does not proceed to the mole- 
cular limit. 

The liquid medium seems to be inters])ersed with 
minute aggregates of C, which are still so much 
larger than their molecular magnitudes, that they 
are subjected to almost statistically uniform 
bombardment. These coinjilexes are such that 
changes of temperature, or the adjlition of compara- 
tively small quantities of other svibstances frequently 
cause the sudden precipitation in mass of the sub- 
stance C. 

This view of the case may be regarded, if we may 
use the term, as a very mechanical one. No provi- 
sion is made for ^hc possible arrangement of the 
system into aggregates which ar6 made up of mole- 
cules of both solvent and solute such as we undoubt- 
edly 'get in mixtures of alcohol and water, and in 
many other cases. ■ *' 
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The first investigator to study the soliftion state 
of the direct ” or cotton dyes was Picton (/.C. Soc. 
1892, 148). He made use of certain tests to establish 
tho state bf different solutions, and witli them tested 
an aqueous solution of Congo red. 

Tyndall had noticed that light is polarised by its 
p'Ussage fhrough colloidal solutions. Congo red, 
which dissolves easily in water, was found under 
these, conditions to give a well-marked polarised 
beam. 

Filtered under pressure for two hours through a 
porous cell, the same solution passed through practi- 
cally cc'loiirless. A slow diffusion experiment gave 
a similar result. 

The molecular aggregation in aqueous solution 
of these dyes is also given by Krafft {Ber, 1899, 
1608) as follows : 

P>cnz()purpuriri . 3000 . . 724 (normal calculation) 

Diamine Blue . 3430 . . 999 „ 

The following figures are given for 

Rosaniluis hydrochloride (mol. wl. 337) 

In alcohol . . . 330, 325, 343 

In water . , . 520, 589, 617 

Methyl \'iolet (mol. wt. 407) 

In alcohol . . . 403.5, 4 -^-^ 

In water . . . 804.5, 838.7, 870.4 

'' Mc^lwlcnc Blue (moT. wl. 319.8) 

In alcohol . . . 321.4, 342.7 

In watei^ . . . 321.2, 492.4, 530-5 

Tannic Acid (mol. wt. 322) 

In water . . . 1587 , ^ 

Picton (tbid^ further pointed out that the degree 
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of aggregation in the case of Congo red varied -with 
its state. An alkaline solution of this dye filtered 
readily, but the dye would not pass through the 
porous material in either the acid, or neutral state. 
The '' equalising action of alkali when dyeing with 
these colours may be explained on thesC lines. 

9 

It was also shown that Magdala red wes not 
present in such a state of aggregation, in a([ueous 
solution, but would pass through the filter in ,u,eutral 
or acid solutions. 

With a solution of silicic acid the aggregates 
were smaller than in the case of ('ongo Red, for they 
]ieither polarised light, nor fkiled to pass through 
the filter. 

There are indications that the state of aggregation 
may be greatly in excess of that indicated by Krafft 
with the direct dyes. 

It is interesting to note that there is certain 
evidence to be gained from some experiments on the 
effect of low temperature on dyes, that their solution 
state is different to the solid one. has been shown 
that the effect ol low temperature on the colour of 
dyes in the solid state or when dyed on fibres is 
nil. On the other hand, when in alcoholic solution 
some of them alter altogether, while others do not. 
This is a subject whitth is worthy of farther study, 
both from the poin^t of dyeing and from that of 
solution. ‘ 

In the same way it is well known that the optical 
properties of substances are modified by the nature 
of the solvent. For instance, lsev/)-r oratory oil of 
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turpentine (37.01° specific rotation) in io*per cent, 
solutions gave the following results (Walker): 

Solvent. S]K‘citic rotalion. 

Alcohol .... 38.4()‘^ 

Pon::cnc . . . 39.45" 

Acetic acid . . . 40.22" 

• 

. It is clearly difficult exactly to define the nature 
of absolution of a colloid, but information on this 
point is being rapidly extended. * 

It has-been stated by Henri and Mayer (Compt. 
Rend. 57, 34) that, when solutions of aniline colours 
are examined ultra-microscopically, they exhibit true 
colloidal properties. 

Som(' work by these same investigators on the 
action of the /l-rays of radium on solution of colloids 
is of interest. The solutions were exposed to the 
action of these rays for five days. Magdala red, 
methyl violet, and ferric hydroxide (positive) were 
decomposed. 

On the other hand, solutions of aniline blue 
and some other negative solutions were unaltered. 
The action is *said to be due to the negative 
charges of the /I-rays discharging the ])ositivcly 
charged colloids. 

The stability of solutions of colloids may, in a 
way, be estimated by their resistance to centrifugal, 
action. For in.3tftnce, Franklin and Freudenberger 
have shown that colloidal solutions of platinum black 
and Prussian blue were completely separated at a 
high speed from the solution. *1110 cause ^of this 
was attributed^ to supersaturation effects due 
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to high afcceleration of gravity (Elect. Rev., vol. 47, 
508). vSuch results indicate, within certain limits, 
the relations which exist between the solvent and 
solute in these special cases. The conception that the 
precipitation is due to supersaturation effects is also 
interesting, when it is remembered thaf the, same 
idea has been put forward to explain the action ^of 
dyeing, the results in the latter case beiiy^ attribut(‘d 
to surface concentration effects. 

Otto Weber (Chemistry of India Riibbt^r^ 
contends that the term colloid should only be ajiplied 
to compounds, the solutions of which under all 
conditions and in whatevei* solvents, behaves as 
colloids, and which in tlieir solutions fully maintain 
this character through all chemical changi's. 

As an absolute definition this may be satisfactory, 
but from a practical point of view it is not so unless 
wc classify the substances as follows : 

(1) Colloids (as Otto Weber's definition). 

(2) Pseudo-colloids (substances which enter into 
pseudo-solutions in some solvents^ and solutions in 
others). 

(3) Crystalloids (substances w 3 iich behax’C with 
water as perfect solutions). 

It will be seen that on similar lines no substance 
should be called a crystalloid unless ij is perfectly 
soluble in all solyents, and in these solutions 
fully maintains this character thiv>ugh all chemical 
changes. 

Suah djefinitionS, with our present knowledge, are 
perhaps out of place. The chief thing Hhe dyer has 



SOLUTION ANn THE PROPERTIES OF COLLOIDS 139 

to realise is the possibility of the solution state vary- 
ing in the dye and mordant baths, the results 
which may be expected to follow from these changes, 
and their influence on the rate of absorption by the 
fibres intro*duced into these baths in the ordinary 
comse of* dyeing. Also that the state of solution 
may be varied by corresponding variations in the 
physical sl^ate of the dye liquor brought about by 
alter(4d temperature, concentration, or by the addition 
of third ^iubstances (assistants, &c.) to the bath. 

It is not advisable, perhaps, in a book devoted to the 

subject of dyeing from a more or less practical point of 

• 

vi(iw, to dwell too cloi^ely on the theory of the constitu- 
tion of colloids like cellulose, and their solution state. 
This work is of great interest from a purely theoretical 
point of view, and may ultimately influence the 
practical side of the question. It is too far-reaching, 
and perhaps at the present time too indefinite, to 
be considered here. That such ideas should ever have 
l)ec‘u put forward is, however, a sign that the future 
tlieories which^will be brought forward to explain 
g neral reactions, may not be of a simple nature, but 
will emphasise the extremely complex nature of the 
reactions which make up some of our seemingly 
'imple, and everyday operations in the dyehouse. 



CHAPTER Vn 

PHYSICAL ACTION AND SOLID SOLUTION 

fHE study of dyeing from the physical })omt of \iew 
las served a purpose. The discussion of the subject 
las been widened, and much experimental work 
indertaken as a natural consequence. 

In early days, as mentioned in chap, i., such 
iivestigators as Hellot and T.e Pileur d’Apligny, 
^ith the support of Macejuer, Rerlhollet, Bergman 
nd ChevreuI, favoured a pun'ly mechanical basis 
or the actions involved. 

Hellot in the year 1734 attributed to the pores 
•f the wool fibre the power of (q)ening and closing, 
nd assumed that the dye particles lodged in these 
itersticcs. The astringent substances, which took 
'art in the dyeing operations, were sup])Osed to 
mn a coating over the colour particles so fixed. 
L colour not protected in this way was assumed to 
e fugitive. 

The “ invisible mechanics of dyeing ’! was due to 
he opening of the pores in the fibre , the deposition 
f the dye paf tides therein* and the subesquent action 
f a material or cement, which held the partides in 
heir place. He likened the general action to the 
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very mechanical process of fixing a diamgnd in the 
bezel of a ring. The hot water opened the pores, 
the tiny atoms of dye entered, and the, tartar 
and subsequent cooling completed th(« operation. 

He also suggested that if only the correct astrin- 
gent couhi be found for the fugitive colours, they, 
tpo, would be fast. As it was they remained on the 
surface* of the fibre, or were imperfectly fixed in its 
substance. • 

Le Ihknir d’ Apligny subsequently lent his support 
to this theory, and extended it to other fibres, such 
as silk, cotton, flax, &c., holding that the mechanical 
state of the different ^ibr^s accounted for the varia- 
tion in their dyeing properties. Wool, said he, was 
composed of a number of individual hairs containing 
a marrow, or fatty substance. These fibres, in fact, 
were pipes perforated throughtheir whole length, and 
laterally, with an infinitude of orifices. By these the 
foreign substances were admitted to the central 
cavitjq after the removal of this marrow. In this 
way he claimed that wool was the most porous of all 
fibres, and is, tlierefore, the most easily dyed, and at 
the same time absorbs a relatively large proportion 
of dye substance. 

vSilk he considered to be only dried animal jelly, 
which in its natural drying only produces pores and 
inequalities on itif surface. These only admit colours 
in a dilute form, and with great difficulty. Thus, 
said he, silk is the most difficult fibre'to dye, and 
cotton stands half way between, wool and silk. In 
trying to fallow his arguments it is necessary to 
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remember the conditions under which he worked, 
and the dyes at his command. 

In this way it was assumed that dyeing was 
purely a mechanical process. Wool might be dyed a 
scarlet colour, cotton remain colourless, and silk only 
take a dirty hue. He contended that th^^ cochineal 
tin lake particles were too large to enTer the cotton, 
or silk fibres, but that they would readily entel the 
wool pores. Silk’ admitted the impurities because 
they were simple (soluble ?). ♦ 

He further pointed out that this varying action 
might come into play even in the same fibre. 

For instance, the condition# of the fibre as regards 
weaving and spinning might inlluence the result. In 
this way he explained the incomjilete dyeing in the 
interior of wool dyed with this scarlet lake, as com- 
pared with goods alumed before dyeing. This ultra- 
mechanical theory passed from the hands of these 
two early experimenters in a highly developed state, 
and little seems to have been done in adding to, or 
elaborating it until one hundred years later. 

At this point, and under the altered conditions of 
dyeing, the additional knowledge of the fibres, and 
general science, Walter Crum published some further 
work on this subject (/.C. 5 . i6. i. 404). This in- 
^vestigator seems to have been profoundly impressed 
by the work of De Saussure, on "the a!bsorption of 
different substances and gases by ^charcoal, and he 
came to the conclusion that several of the opera- 
tions ill dyeing were due to the capillary "action 
described by this chemist, thus introducing a new 
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refinement into the theory at the end of ^ this long 
interval of time. He also based his application of 
this theory to the dyeing of fibres, on the physio- 
logical work of ThOrmpson and Bauer# Their work 
introduced tjie microscope in the study of fibres, and 
thus estabhshed a fresh method of examination. As 
the r&ult of tlieir investigation they set forth the 
id(^a«that Bie vegetable fibres were glass-like tubes. 
After the rfpening of the fibre, ^he central orifice, 
owin^^tojhe flattening of the fibre, p)resented the 
aspect of two separate tubes. 

This next seep in the mechanical theory was the 
result of four experimenters’ work, and to the re- 
search student in dyeing this affords a simple yet 
satisfactory example of the possible influence of 
one worker’s results on those of others. 

Crum held that mordants are decomposed in the 
irderior of these tubes, having entered by the lateral 
opemings ; the oxide being set free in these narrow 
passages is effectually held in position. When, 
therefore, the washed cotton passed into the madder 
bath, the mord^t and dye combined chemically to 
form the dye lake. This investigator explained the 
iixings of the oxide to the fibre in the following way. 
A natural decomposition of the mordant solution 
took jdacc '' just as it would be decomposed in similar 
circumstances without the * intervention of the* 
cotton.” He speaks also of skes in the fibre sub- 
stance lined by metallic oxides. The arguments he 
based these theoretical conclusion^ on mav be summed 
up as follows : 
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I 

(1) If it is assumed that the mordant enters into 
chemical combination with the fibre, it must lead to 
its disintegration. He removed the mordant from 
the fibre by tchemical means, and found, that this 
was not the case. 

(2) Under the microscojie the colour is^distributed 
on th(‘ internal sides of the tubes. 

(3) The dyeing of indigo blue supports the’ idea 
that there is no chemical combination in the proper 
sense of the word between the fibre and th(‘, dye,* when 
the nature of the reaction is considered. 

What(‘V(T may be the ultimate place assigned to 
these theoretical considerations, this investigator 
introduced a new method, of examination, viz., 
comparison of the physical properties of the fibres 
by the aid of the microscope before and alter dyeing. 

x\gain we have a long interval before these 
ideas were directly attacked, and disj)roved in 
some details. De Mosenthal has recently shown 
{J.S.CJ. 23, 292) Crum’s idea — that the cotton 
fibre is dyed by capillary action — to be incorrect. 
Single cotton fibres exhibit no capillary action. 
Several fibres must be in contact for the liquid 
to rise. Crum’s idea that the cuticle is non-porous 
is also incorrect. It is very porous. These ex- 
periments are calculated to modify our ideas on 
the action of dyes on the cotton litre, a|id to throw 
us back to the ideas advocated in the eighteenth 
century as to the physi/:al nature of the cotton 
libre. ^ 

We now consider in detail the many arguments 
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I 

and experiments brought forward in favpur of a 
simple mechanical theory. 

It was pointed out many years ago that neutral 
filters, such as sand in layers, will remove colouring- 
mat ters and salts from solutions. Here we have 
large surfaces of such an inert substance as fused 
silica retaining, in some way, or other, notable quanti- 
ties ( 5 f salts, coloured or otherwise. This filtering 
action must undoubtedly be intimately connected 
with surfecc action. 

We pass on to the careful work of Mills and 
Hamilton (J.S.C.L 1889, 263), dealing with the 
action of mixed colours oil wool and their relative 
absorption by the fibre. 

The colours chosen were Victoria Blue 4 R and 
berberine hydrochloride. The conditions of experi- 
menting were exact. The temperature chosen might 
have been higher than 40° C. The authors indicate 
that different results might have been obtained at 
95°. The result arrived at is expressed in the 
following rule: '‘The proportion of blue to yellow 
deposited in the fibre is the same as that in which 
they existed in the vat before dyeing.” 

fhat is to say, the shade of the mixture in the 
dj e-bath remained the same as that which existed 
in the vac before dyeing. The shade of the dye- 
bath was tested by the detached colorimeter {PhiL 
Mag. 1879, 437). 

With varying quantities of the colours it was 
found that the total quantity oi colouring-matter 
deposited on, the fibre is least when the weights of 

lo 
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the blue and yellow are eeiiial, and that it becomes 
greater as the disparity between- the weights in- 
creases. The simple mathematical treatment of 
finding an eepiation for each of the dyes separately 
was adopted. The equation was of the following 
order : 


y being the reciprocal (= 5) of the total constant 
quantity (.2) of dye-stuff taken as a reaf^ent, and /I 
and a constants of attraction and other conditions. 
T'he constant a r(‘presents an attraction not directly 
due to tlu* dyeing process as such, x is the weight of 
the colour taken, y the weight of the colour de- 
posited on the fibre. 

Tlic conclusions arrived at from these equations 
are that in the case of dyeing wool with mixed solu- 
tions of these dye-stuffs, there is deposited at first a 
certain small amount of dye-stuff (x) irrespective of 
the amount of eacli dye-stuff taken, and then the 
dye-stuff taken up is proportional to its own mass, 
and inversely proportional to the mass of the other 
colours. 

The mechanical theory also receives the support 
of L. Hwass (Farh. Zeit. 1890-1, 224) ; von Prager 
{ihid. 356), and Spon (J.S.C.I. 1893, 559). 

The assumption is made IhatHlie (^e-stuff is the 
same in the fibre as in the free state, for it may be 
diazotised dnd combined with phenols and amines to 
form azo dye-stuffs. The writer of this book pointed 
out that this is not so in all cases, or at any rate, 
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the “ developing ” of some colours on silk ie exceed- 
ingly slow ; fhcrcfore, when Mohlau {Zcit. Ang. 
Chan. 189 5, 225) shows that sand will “ dye ” with 
najihthol azo colours which are insoluMe in water, 
the case for a mechanical theory is on this point 
made out. ,.,The dye is said by this investigator to 
en^er the pores of the silica. The dyeing method 
is as 'follows : 

(1) Dyeing with d-naphthol dissolved in NaHO. 

(2) Dii'M2obenzene chloride added to this solution 
after sand has been worked in it. 

Asbestos, in the same way as sand, will dye in 
‘solutions of some colours* (Spoil, Dingl. Polyi. J. 
1893, 287). 

It has been noticed by Pokorng (Btdl. Soc. Ind. 
MnUi. 1893, 282), that wool and silk arc able to 
attract from aqueous suspension certain insoluble 
amines. All that is necessary is that they shall be 
present in a state of fine division. Naphthylamine 
dissolved in a small cpiantity of alcohol and poured 
into water will impregnate wool if left overnight. 
This matter will be further discussed elsewhere. 

The fact that many colours '' rub off '' is held 
to be in favour of the mechanical theory, it being 
asMimed that this is an indication that the colours 
are not in chemical combinatipn with the fibre. 

The influence T)f temperature on dyeing action 
is a very important factor, and may indicate the 
nature of the reactions which take place in the 
dye-bafh. Chemical action, generally spe^kiqg, was 
calculated by^Hqpd {PhiL Mag. May. 1878), from 
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the blue and yellow are eeiiial, and that it becomes 
greater as the disparity between- the weights in- 
creases. The simple mathematical treatment of 
finding an eepiation for each of the dyes separately 
was adopted. The equation was of the following 
order : 


y being the reciprocal (= 5) of the total constant 
quantity (.2) of dye-stuff taken as a reaf^ent, and /I 
and a constants of attraction and other conditions. 
T'he constant a r(‘presents an attraction not directly 
due to tlu* dyeing process as such, x is the weight of 
the colour taken, y the weight of the colour de- 
posited on the fibre. 

Tlic conclusions arrived at from these equations 
are that in the case of dyeing wool with mixed solu- 
tions of these dye-stuffs, there is deposited at first a 
certain small amount of dye-stuff (x) irrespective of 
the amount of eacli dye-stuff taken, and then the 
dye-stuff taken up is proportional to its own mass, 
and inversely proportional to the mass of the other 
colours. 

The mechanical theory also receives the support 
of L. Hwass (Farh. Zeit. 1890-1, 224) ; von Prager 
{ihid. 356), and Spon (J.S.C.I. 1893, 559). 

The assumption is made IhatHlie (^e-stuff is the 
same in the fibre as in the free state, for it may be 
diazotised dnd combined with phenols and amines to 
form azo dye-stuffs. The writer of this book pointed 
out that this is not so in all cases, or at any rate, 
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The barium salt of benzopurpurin dyes* without 
decomposition, and a similar result is obtained 
with the sodium salt. The free acid s^^ems to dye 
equahy well when a time allowance is made for the 
decreased solubility of the same in water. Similar 
results- were obtained in the case of benzoazurin, 
wlucli, cont*ains no amido groups, and, therefore, 
cannot form a salt with cellulose. . 

A thank of cotton dyed with benzopurpurin 
(sodium salt) will on prolong(xl boiling with a 
similar but undyed skein, give up its dye until an 
equilibrium of coloar is obtained on both skeins. 

llie action of acids on Congo Red dyed on cotton 
is said to indicate that the dye is present in 
the free state, and not combined with the fibre. 
Web(M* stated that the cellular cotton absorbed 
the hot solution of the dye, and that on cooling the 
skein the dye was precipitated. This is, of course, 
the idea of some of the early investigators. If this 
method of argument is correct, the action of acid 
proves equally wc41 that the dye is free in the case 
of silk dyeing, for the same effect is noticed there 
with this dye. It is interesting to note that the 
natural moisture in the cotton fibre is said to be 
essential to colour-production. If this is removed 
(by alcohol) dhe ^olours are *dirty and dull. It 
will be remembered that drying does not seem to 
produce this effeci;. The idea that tho benzidine 
or dire(;t colours dye because their rate of diffu- 
bion is less, is supported by the same Autfiority. 
Croceine 3 B* wiff not dye cotton, but its barium 
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salt wiir do so. P^airly dark shades are produced 
even after washing. The rate of diffusion is said 
to be greatly retarded in this case. 

In 1894 (/. 5 .C./. 13. 95) I assumed a inechanico- 
chemical theory of dyeing to be tlie correct one, a 
theory which depended primarily on^ a diffusion pro- 
C(‘ss ob(‘ying a modified form of the gen-Tal k?ws of 
osmosis as then stated, suppleiiKaited by a chemical 
reaction or series of clu'mical reactions b-etween 
the fibre and the dye. Pick’s law being held to 
govcTii the introduction of the colour to the fibr(‘. 
Zacharias {Farb. ZeiL 1901, 1149) brings this to 
notice, and seems to favour it. 

As 1 then pointed out, Pick’s law had been verified 
for gc‘latine and agar-agar solutions. In the case 
of animal membranes a retarding action was noticed 
and the results obtained here were roughly one 
half those obtained by the purely osmotic pressure. 
The flow of the dissolved substance was hindered, 
but not sto])ped, by the organised nature of the 
im^mbrane. ^ 

The ])ossible iniluence of dissociation on th(^ action 
of dyes in solution must be considered. Bitefly, the 
condition of electrolysis in solution has bi^en stated 
as follows. 

Neutral salts, as fi general rule, arc* strongly dis- 
sociated in acpieous solutions. In dilute solutions 
it is held that they are entirely dissociat(‘d. 

The salts of the alkalies are very readily dis- 
sociated. The acids vary in their degree of dis- 
sociation. Their acid properties seem to be due to 
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the hydrogen ions. The strongest acids are those 
whicli are most completely dissociated. 

Water itself is dissociated to a small extent, so 
that it can act as an extremely weak acid or base, 
as the case may be. Thus, Walker has shown that 
wh('n hydi\ chloric acid is added to a solution con- 
ta^ining ur-;a, the acid divided itself between the- 
wat(U' and the base. 

Dissociation of dyes may pd^sibly take place 
in dye scvlutions of the ordinary strength. 

Magenta is dissociated in water and alcohol. 
The experiments of Fischer and Schmidner with 
strips of blotting-paper *are well known. They 
show the' dissociation of double salts, the salts rising 
according to their relative rates of diffusion. It 
has been shown (v. (ieorgievics) that with magenta, 
twenty times the amount of chlorine necessary for 
the magenta base diffused in this way. The exa- 
mination of the electrical conductivity of magenta 
solutions leads to the same conclusions (Miolati, 
Bey, 26, 1788), viz., that dissociation takes place in 
aqueous solutions. 

It has been ])ointed out by Silbermann (Chem. 
Z'Ht. 19, 1683), that in any specific series of dye- 
stuffs, increase in molecular weight is accompanied 
by decreased solubility, and, it is stated that the 
rate of absorptibn of the dye is correspondingly 
decreased. Assimiing that high molecular weight 
means high molecular volume, the dyes will take 
longer to diffuse betwTcn the intermoleculaj- spaces 
of the fibre and^longer to leave it also. 
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This 'docs not seem to be the case with the 
primuline colours (Dreapcr, J.S.C.I. 1894, 95). It 
may be, however, that the fact that the heavier 
dyes take longer to diffuse, indicates that in practice 
they are fixed in greater proportions on the external 
area of the fibres. I'his might confuse a.nd obscure 
' the real nature of the reaction, so far as pure absorp- 
tion results are concerned. 

Hallitt (J.S.D\ and C. 15, 30) has made ^num- 
ber of interesting experiments with the^ object of 
explaining the action of sodium sulphate in the 
dyeing of wool. The ideas in vogue when he wrote his 
paper were expressed in the ‘^‘Manual of Dyeing” 
as follows : 

(1) That the raising of the temperature in dyeing 
by the addition of the sulphate increased the dyeing 
effect. 

(2) The sulphate keeps the dye in a fine state of 
suspension. 

(3) Bisulphate is formed with the HoSO^, and 
as a consequence the dye is not so rapidly trans- 
ferred to the fibre. 

The fact that 100 per cent, on the weight of 
wool of sulphate of soda will only raise the boiling- 
point .75° C. shows that the effect on temperature of 
the bath may be neglected in practice. ^ It may be 
mentioned in passing^ that w^e havdno knowledge of 
the effect of increased temperature on dyeing above 
100° C. Hallitt does not*consider that the sulphate 
acts by ^keeping the'dye in a fine state of suspension. 
He points out that acid colours ^re anore easily 
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stripped off wool by sodium sulphate than -by either 
water or sulphuric acid. 

Yarn boiled for ten minutes in the following 
solutions after being dyed with Carmoisine B. lost 
the following amoiints of dye. 

S»ykhli()n. 

. Water 

5*])er C;int. H^SO^ 

50 n Na,S(), . 

50 „ NaCl. . 

The percentage of substances added is on the 
weight of yarn, and the proportion of yarn to liquor 
is I 50. 

In some cases the: stripping of the colour goes on 
beyond the point ol saturation of the dye in the 
solution. This remarkable result is seen when dark 
shad(^s of indigo extract on wool are treated in this 
way. The dye* may be partly thrown out of solu- 
tion as a precipitate. 

It is noticed, too, that an amount of sodium 
sulphate in excess of that required to form the 
bisulphate still acts, and will influence the dyeing. 

Uneven skeins, where the dye is in patches, will 
ecjualise, if boiled with a solution of sodium sul- 
phate. This equalising action is seen when Palatine 
Red A is dyed with 

(a) 6.8 per HCl. 

(b) 6.8 per cent. HCl. + 20 per cent. Na.,SO^ (cryst.) 

% 

The first solution give 5 a very uneven result, 
and the second an even one on ‘^wool fib^e. , 

In considering these experiments with wool where 


Colour fxtnictcd. 

.15 % of total present. 

440 . „ 

2.40 ,, 
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the dyeisig occupies som,e time at the boil, it is as 
well to remember that the wool has an absorbing 
action on the acid. Knecht found that if 5 per cent, 
of acid was present in the bath at the beginning of 
an experiment, only 1.5 per cent, rema'med in solu- 
tion at the end of the dyeing {J.S.D. md C. 1888, 
105). These experiments are said to indicate that the 
action of dyeing is equivalent to cheniical action 
in dilute solutions. 

From this point of view, the point of (♦quilibrium 
between the amount of dye in the solution and on 
the fibre is a movable one. The addition of acid 
increases the amounts fixed *on the fibre, while the 
addition of sodium sulphate has the opposite effect. 
The effect produced by either of these additions 
varies with different colours. 

When hydrochloric acid and sodium sulphate 
are in solution together, we can express the reaction 
between them as follows : 

2 HCI i Na^SO, H,SO, 4 2 NaCl. 

ByGuldberg andWaage’s law of chemical action 
we know that the velocity of change at any moment 
varies directly as the product of the number of 
equivalents of the factors of change present in unit 
volume of the mediiim ol change. ^ 

The result arrived at is, that the even dyeing of 
any acid is proportional to its acidic intensity. 

An exception has tb be made in the case of 
sulphu,ric .acid, which gives abnormal results. The 
intensity values of acids are as fpllows : 
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Nitric acid .... i.oo . 
Hydrocliloric acid . . . i.oo 

Sul})huric acid . . . .49 

Oxalic acid . . . . .24 

Citric acid .... 05 

Acetic acid . . . • .03 


Takinp: values from this table, and with quanti^:^ 
tics t)f acids representing equal intensities, we obtain 
the following results, one per cent, of Palatine Red 
being usf"d in each case. 

Acid in dyi ba'L. Colour left in bath. 

6.84 per cent, hydrocliloric acid .13 per cent. 

15.62 ,, oxalic acfd .15 ,, 

6.12 ,, sidphiiric acid .90 ,, 

477.6 ,, acetic acid .15 ,, 

Here we have a fairly close agreement, if we 
except the case of sulphuric acid. 

A possible reason for this action is that the wool 
removes an abnormal amount of sulphuric acid 
from the solution. The following results seem to show 
this is the case. 

! Per of acid i’ro]K)rt ion of fret* acid Proportion of colour 

i present. left in solution. left m solution. 

i 

i 11.4 HCl. 
i 5.0 HSO, 

I 6.1 oxalic acid 
I 23.8 acetic acid , 


364 . i 

.08 

26.6 

.90 

35-5 . 

..3e 

60.0 1 

5-25 


A much smaller proportion bf sulpliurici acid is 
left in the solution. This action, therefore, may be 
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due to g*rcatly decreased mass action. The chief 
action of acids has been said to be on the wool fibre 
its('lf. Knecht has shown that wool treated with 
acid and washed to neutrality, dyes w(‘ll in a 
neutral solution of colour acid. 

This matter is not, however, cleiw. ^If the sul- 
*^phuric acid is taken up in abnormal qiumtitiv,\s, ‘it 
would follow that the fibre is more acted on in this 
case, and, therefore, other things being ecjwij, the 
dyeing should be more complete. 

It is clear, at any rat(‘, that the direct action 
of the acid is modified in some way by the 
presence of sodium sulphate^ or sodium chloride. 
Sodium sulphate is one of the products of the direct 
change which takes place between colour acid and 
salt, and by largely increasing its mass in the solu- 
tion by direct addition, the point of ecpiilibrium is 
pushed back, and more free acid remains in solution. 

Therefore, by the addition of sulphate the dye 
is stripped from the fibre. The facts seem to be in 
accordance with the laws of equilibrium. 

The colour acids of Scarlet 2R and Orange G will 
dye wool very feebly. In fact, they are said hardly 
to stain the fibre at all, and in the former case not 
so deeply as its sodium salt. 

. An addition of 3 per cent. sulphuii'C acid will 
drive on a large proportion of these dyes, and 3 per 
cent, hydrochloric acid will exhaust the bath. 

With Cardinal red the colour acid gives a better 
result. « In -this casf^ about half the dye goes on to 
the fibre without the addition of a^iy dcid. 
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This research, which is clearly of interest to the 
wool dyer, is also of equal interest in other ways. 
It is an example of the work that might be done in 
our dyeing colleges* if some definite^ scheme for 
technical research was adopted. 

The effect of varying temperatures of the dye- 
bath may be mentioned here. 

We have seen the extreme importance of tem- 
perature in mordanting, and how this varies with 
the fibre. . Silk and cotton give the greatest effect 
in the cold (except when tannic acid is used as 
mordant). 

The dehydrating effect of a high temperature 
in dyeing on some mordants may even prevent the 
formation of a lake, as has been pointed out in 
dyeing cotton with alizarine; and every dyer ex- 
jiericnced in dyeing alizarine on alumed silk will 
have noticed the same effect. 

The action of tannic acid on animal fibres and 
substances generally is an important one. There 
are dye-houses in the south of France, and else- 
where, entirely’' Uevoted to dyeing silk black with 
tannin extracts on mordants. Before the intro- 
duction of the direct dyes tannic acid was very 
largely used in mordanting cotton for basic colours. 

Its action in the case of tanning leather is well 
known. Tl^e laminin is said to combine with the* 
material, reducing its permeability by water and 
modifying it in other ways* 

A similar action is noticed wtth silk. Gallic acid 
is not absorbed to the same extent as tannic acid, 
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although a process proposed some time ago for the 
separation of these two acids by absorption by 
silk is of little value. 

Gallic acid will not precipitate so soluble a pro- 
teid as gelatin, but in the presence of tannic acid 
both acids are carried down. ^ 

Tannic acid is absorbed by cotvon, but* galjic 
acid is not under ordinary circumstances.' It is not 
known whether it is absorbed in the‘ presence of 
tannic acid. • 

Tannic acid is absorbed by cellulose in its various 
forms as follows (Knecht, /.S. 7 ). and C. 1892, 40) : 


Form of cellulose. 

Tannic acid tfikcn. 

Tannic acid absorbed. 

Bleached cotton . 

.25 grins. 

•0513 gnus. 

Unbleached cotton 

do. 

• • -oSt'S 

Mercerised cotton 

do. 

• • .1033 „ 

Pptd. cellulose 

do. 

• • -1525 ,, 


Further work on this subject has been done by 
Gardner and Carter (J.S.D. and C. 1898, 143), and 
the relative action of tannic and gallic acids on 
cotton confirmed. The theory that absorption is 
mainly due to physical action is^ not considered 
by these investigators to be supported by the fact 
that the regenerated or precipitated cellulose has an 
increased affinity for tannic acid. On the other 
hand, the acid is easily removed by cold, or boiling 
water. • * 

The action may be of a secon/iary nature, and 
the water replace the tannic acid by mass action. 

A series of experiments with different arbmatic 
phenols was made with the following results, the 



PHYSICAL ACTION AND SOLID SOLTjTION 159 

conditions of the experiments being as follows : 
Strength of solution i grm. per litre; 10 grms. of 
cotton were soaked in this for three hours. The 
percentage of substilncc absorbed is given in each 


Reagent . 


Percentage 

absorbed. 


Gallotannic .'cid 


-CO— 


Catechiitaiinic acid do. 

OH 


(iallic acid 


Pyro^allol 


COOH I J OH 


OH 

/N OH 


Pliloroglucinol 


OH ; OH 


Protocatccluiic acid 


Pyrocatccliol ' * 


COOH. 

OH. 


Resorcinol 


45-50 



i6o chemistry ahd physics oe dyeing 


Salicylic acid 


Guaiacol 


Mandclic acid 


OH 

, CO.OH 


\/ 

OH 


0(CH3) 


f o 


CH(OH).COO'H 7-8 


The difference between the absorption of tannic 
and gallic acids is very 'marked. 

The difference between the 1.2.3 trihydroxy- 
bcnzenc and the 1.3.5 componnd is also noticeable. 

The different results obtained with the 1.2 and 
1.3 dihydroxybenzenes is still more marked and, if 
it were not that the suggestion is negatived by the 
figures for pyrogallol, would indicate that the meta 
position has some influence on the absorption factor. 

A general survey of these effects of the OH and 
COOH groups on the rate of abs'orption makes it 
difficult to imagine that the action is a chemical 
one. There is no question here of a phenol combin- 
ing in some way with a diazonium compound. 
Koechlin found that^ cotton saturated with tannic 
acid in a 50 grm. per litre solution ’was still able 
to absorb tannic acid from a 20 ^grm. solution. It 
retained tile whole of its tannic acid in a 5 gmi. 
solution, and onlylbegan to lose it when the strength 
was reduced to 2 grms. This action is discussed 
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elsewhere. The action seems to be reversible in 

• # 

this case. , 

The effect of the addition of fatty acids to the 
tannic acid solution is as follows: 


Solution. 

Tannic acitf alone (as above) 

-1 .ormic acid 
, t acetic acid 

f projnonic acid 


Absorbed. 

32 per cent. 

• 48" .50 
. 48-50 

• 48-50 


Tilt acids were present in quantities equivalent 
to 4.5 gnn. acetic acid per litre. From a chemical 
point of view the increased absorption of one acid 
in tlie ])resence of anotheii is an abnormal one. 

With stronger acids this ratio does not hold, as 
the following figures will show. 


Solution. 

Tannic acid alone 


+ acetic acid 

. 48-50 

,, 

-f citric acid 

. 19-21 


-f tartaric acid 

. 20-22 

,, 

-f snl])huric acid . 

. 18-20 


-1 hydrochloric acid 

. 30-32 

) j 

d- siMiium acetate 

. 16-18 

)} 


Absorbed. 

32 per cent. 


The effect of varying the percentage of acetic 
acid on a solution of tannic acid (i grin, to litre) is 
as follows : 


Acetic acid ocr litre. 

Tagnic acid absorbed. 

0 grnrs. . # ' 

. 30-32 per cent. 

I „ . 

■ 3.5-36 

• 

2 „ . . 

. 40-42 „ » 

^ 5 » • 

4c)-5i 

*10 „ . 

. 32-34 

20 „ . 

. 31-32 


II 



of Acid absorbed 
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This rather negatives the idea that the action 
of the acetic acid is on |the fibre rather than on the 
acid in solution. 

An action of a similar ordvr is noticed in the 
case of gallic acid (i grm. per litre). . 


Acotic acid per litre. 

Gallic acid .ibsurbcd. 

.0 grms. . 

. 0 pt'i rent. 

•5 n . 

2 

2.5 „ . . . 

. 8.5 ” 

5 „ . . . 

• 7-5 

25 „ . . . 

• 5-5 . 


These results should be extended to the animal 
fibres^ and to precipitated Cellulose (artificial silk). 
They are of great interest from a theoretical as well 
as from a practical point of view. The influence of 
the addition of acetic acid to the solutions is clearly 
shown in the following curves, the figures being 
taken from th(‘ above results. 



ABioKPTION OF TANNIC AND GALLIC ACIDS IN PRESENCE OF 
ACETIC ACID 
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These curves show clearly the influence of the 
addition of acetic acid on the absorption of tannic 
and gallic acids by cotton. The concentration of 
the aromatic acid was in each case i gfm. per litre, 
and the acetiv acid was added up to a strength of 
25 grms. per litre. 

.The reversal in the action is clearly seen in both 
cases, *and occurs at a comparatively early stage. 

Perhaps tlie influence is the more pronounced 
in the case of gallic acid, for in this case the amount 
of acid absorbed in the absence of acetic acid is said 
to be nil. 

The absorption of gallic acid by a tannic acid 
collin (soluble gelatine) coagulum gives figures 
which do not correspond with the above results. 

The curves on p. 164 (Dreaper and Wilson, 
Pyoc. Chem. Soc. 1906, 22, 70) indicate generally 
the influence of the presence of salts and acids on 
the amount of gallic acid absorbed. Curve No. i 
shows the increase in the gallic acid absorbed as the 

amount of tannic acid increases when the collin is 

» 

added to tlie mixed acids. When the gallic acid is 
added after precipitation the result is practically the 
same. Nos. 2 and 3 indicate the increased absorption 
in the presence of sodium and ammonium chlorides. 
Nos. 4 and 5 the decreased al^sorption in the pre- 
sence of hydrochlofic and acetic ^.cids respectively. 

Gelatin in thei hydrogel state absorbs gallic 
acid, although no coagulation takes place when 
+hese two substances in solution arh mixed together. 
Salts increase this absorption and alcohol reduces it. 
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Albumin absorbs gallic acid when precipitated by 
tannic acid or heat. AV'ohol prevents this action 
and also the absorption of tannic acid. In very con- 
centrated sokitions gallic acid precipitates albumin. 


No. I 



ABSORPTION OK OAI 1 IC Am) BY t 01 LOIDS 


Similar results were obtained when silk or hide 
powder took the place of albumin, and there seems 
to be a great similarity in the reactions with these 
different organic colloids — the curves, so far as they 
go, indicating that the taking vp oj tannic and 
gallic acids by organic colloids is chiefly a matter of 
absorption! ‘ 

The writer has pointed out that as 'osmosis 
probably plays an important part in the process of 
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dyeing, it might be possible! to institute experiments 
comparing the relative os^motic pressure of dyes 
through inert membranes on the one hand and 
fibres on the other. 

Wliatever the ultimate process of dyeing may be, 
it set'ijis iii^'.essary to assume that the dye enters 
the I'^bre s'lbstance by direct diffusion. 

As I tLtr; pointed out, the general laws of diffu- 
sion \v9ind ])robably govern this method of intro- 
duction, although it must be remembered that these 
will only apply to substances in a more or less perfect 
state of solution. The laws arc as follows : 

(1) The pressure (osmotic) is proportional to 
th{‘ concentration of the solution, or proportional 
to the volume in which a definite mass of the sub- 
stance is contained. This law only holds good for 
inert substances. 

(2) The pressure increases for constant volu e 
proportionately to the absolute temperature. 

(3) Quantities of substances (dissolved) which 
are in the ratio, of the molecular weights of the 
substances exert equal pressure at equal tempera- 
tures. 

It should not be impossible to find whether the 
dyeing action is in conformity with these laws, or 
is complicated by further reactions as indicated , 
elsewhere. ^ • 

The present ^tate of our knowledge does not 
supply^ figures which arc available for this investi- 
gation. As mentioned elsewhere, it is known that 
animal fibres materially modify this process. The 
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results (obtained are, roughly, half those obtained 
by the true osmotic pressure, when exhibited in the 
case of solutions of agar-agar or gelatine. 

It would* seem from the above recorded experi- 
ments with tannic and gallic acids, that the absorp- 
tion of the latter acid was as perfect whfii the 
coagulum of tannic acid and collin was :(irst fc^rmed 
as when the gallic acid was actually present at the 
time of formation. The rate of diffusion, ,in the 
former case is therefore very rapid and complete. 

Tick's law that the quantity of salt which 
diffuses through a given area is proportional to the 
difference between the concentration of the two 
areas infinitely near to each other,” was found not 
to be true for animal membranes. An osmotic 
pressure exists, but it does not reach its true value 
{Zeit. /. Phys. Chem., 3, 316). 

It is clear that the fibre substance must be per- 
meable in order that dyeing may take place ; this is 
indicated by the fact that nitrocellulose in the fibre 
state will dye readily, but when in the state of a 
film (prepared by dissolving in acetone) it will not 
do so, or at any rate the action is a very slow one. 

The dyeing of wool may be prevented by treat- 
ment with sulphuric acid, hypochlorite of soda, and 
stannous chloride (Er. Pat., 318741). , So that here 
we have a mineral acid, an oxidising agent, and an 
acid reducing reagent acting in the' same direction, so 
far as colour absprption is concerned. 

The action of solvents for dyes on dyed fabrics 
also gives interesting results. « 
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This action is noticed I in other parts> of this 
book. Most colouring-mattWs, acid, basic, or direct, 
and even the mordant and developed colours are 
all said to be soluble in either 90 per cent, acetic 
acid, or absolute alcohol, if not in the cold, at any 
rate \vhen heated. 

•It. is ai^ interesting fact that some of the acid 
colours on 'a^ooI will not yield to alcohol, but will 
readily Jeave the fibre if a small quantity of water 
is added (Tokorng, Bull. Soc. Ind. de Muhl. 1902, 245). 

This may be due to the fact that absolute alcohol 
cannot penetrate the wool substance. When a small 
quantity of water is •present the fibre substance 
becomes sufficiently hydrated for the spirit to enter. 

Patent Blue and New Crocein are examples which 
will illustrate this action. 

The successive action of 90 per cent, acetic acid 
and spirit will remove almost any colour. 

In the case of cotton it would seem that the 
structure of the fibre will allow of the action of 
other liquids than water. 

It is recorded, for instance, that alizarine lakes 
dissolved in alcohol-ether will dye cotton. It is 
not known, however, if silk and wool will dye in 
this solution. 

Amyl alcohol will apparently act in the same ^ 
way. Rosaniline^dyed on silk* from an aqueous 
solution is partly* soluble in this solvcpt, and an 
equilibrium is said to be established between the 
dye in solution, and the dye on the fibre ^Sisley, 
BulL Soc. Chem. *1900). 
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Solidf Solution . — Thei phenomenon of solid solu- 
tion was first noticed van’t Hoff in 1890 {Zeit. 
/. Phys. Chan. 5, 322). This idea of the solution 
of one solid in another was brought forward to explain 
certain facts recorded in connection with alloys, and 
salts of similar molecular constitution, strijcture. 

The suggestion that solid solution i^iight^be a 
universal phenomenon was not put forward, but 
that sodium sulphate and potassium sulp]i^te, or 
silver and lead respectively, wcie capable of dis- 
solving one another under certain conditions. 

Witt, in 1890 and 1891, advanced the hypothesis 
that dyeing might be a case* of solid solution. 

If this were so, the range of solid solution must 
be widened to include the solution of various in- 
organic and organic substances in the fibres The 
idea presented here is that the dyc^-stuffs are not 
only held by the fibre substance, but actually enter 
into solution in it. 

The dye in the fibre was considered to be in the 
same state as the oxides which are spluble in precious 
stones (Farh. Zeit. 2, 1-6). Witt considered that 
the fact that fibres are red, and not bronze green, 
when dyed with magenta, and blue, and not bronze 
green when dyed with aniline blue, supported this 
^ idea. Khodamines, also, will only fluoresce in solu- 
tions, and they do so on fibres, 'fhat magenta is 
taken up hf/ silk would be explained by its being 
more soluble in it than in water. If a solution 
(alcohol) in which ‘the dye is more soluble be taken, 
the fibre will not dye to the same extent. 
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The effect of trying to (iye cotton with .magenta 
maybe likened to the actioil of benzene on a solution 
of resorcinol in water. The relative solubility of the 
latter is so much in favour of the water that the 
benzene cannot absorb it. On the otl)er hand, ether 
is able to do so, and removes the resorcinol. In 
this way tjie action of the ether is compared to 
th3t of silk ^ The bt'iizene may, in the same way, 
be compered to the cotton fibre. 

Again, ^ amyl alcohol may be compared with a 
phases where the dye is imperfectly removed from 
the dye-bath, for it only partly removes the resor- 
cinol from acpieous sohition. 

The weak point in this argument is the in- 
discriminate way in which ordinary solution and 
solid solution are assumed to be similar in 
nature so far as their actions are concerned, and 
the universal nature of the interchange. This is 
not in accordance with the recognised theory of 
solid solution, nor have any facts been brought 
forward which \yould allow of such an arbitrary 
extension of this theory to cover the reactions which 
take place in dyeing. 

It is considered also that the different shades 
gi\en by the same dye to diffenmt fibres may be 
explained by solution. Isonitrolic acid, which is^ 
colourless, dissolves in benzene* with a blue colour. 
Why should not Hie changes in dyeing be due to a 
similar condition ? The action of dyeing in the 
case of adjective colours is said to be similar* to the 
action of benzenci to which benzoyl chloride has been 
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soluble at that temperature, and consequently might 
be expected to give up its| dye again to water at a 
lower temperature. 

The fact that the structure of the fibre also 
plays some part in the reaction is also against this 
theory. * 

. On a Jatcr occasion {Monatsh. jnr Chem. 25, 
705) V. Gcorgicvics gives the results of experiments 
with in^d'go carmine, varying the* ratio of fibre to 
solution, '•concentration, and amount of sulphuric 
acid present, singly, and in pairs. 

The following law was found to express the 
results obtained : • 

><■ 

CW =- (lyc-stiiff in 100 cc. after tlie process of dyeing. 

CS -- dye-^tuff in loo grins, silk after the process of dyeing. 

This would agree with the requirements of van’t 
Hoff and Nernst’s modification of Henry’s law of 
solution, and it would follow that the dye-stuff 
exists in silk in a simpler molecular condition than 
in water. With concentrated solutions the value 

increases. This would point to the presence 

oi more complex molecules in solution. In spite of 
these results^ the non-reversibility of the process is 
against a theory^of solid solution. The writer of 
this book has giwn figures showing the, extra fast- 
ness of dyes dyed ingrain* over the same colours 
dyed direct, in terms of their’ resistance *to the 
action of boiling soap solution. This result seems 
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to be a general one, andi extends over the dyeing of 
silk, wool and cotton. ( 

These results are very difficult to explain by the 
solid solution theory. No explanation can be given 
which will explain this difference in “ solubility.” 

It has been claimed that the a bm^rnial .action 
of jute fibre (li^nocclliiloso) on ferric ferricy.anrdc 
solntion supports the solid solution theory (Cross 
and Bevan, J.S.WI. 12, 104). If such a fiplution 
be {)reparcd by mixing equal parts of l^/2o ferric 
chloride and potassium ferricyanide solutions, and 
the fibre be soaked in this colourless solution, it is 
dyed a dark blue shade, and gains 20-50 per cent, 
in weight. Under the microscope the fibre appears 
an intense transparent blue, (-xhibiting, it is claimed, 
all the characteristics of solid solution. 

This is possibly not a correct assumption ; the 
ferric ferricyanide may be present in the colloid 
state. Jute fibre will not absorb the oxide from ferric 
chloride solution alone (only 0-4 per cent.). The 
small amount fixed is partially reduced. The 
absorption of oxide from a ferric chloride solution 
by a fibre would be an extraordinary one. The 
authors are perhaps straining a point in arguing 
from the ferric chloride solution to the ferric ferri- 
cyanide one. 

They claim that ffhe action in tin; case of the ferric 
ferricyanidg is a specific one, and* contend that the 
necessary reduction to t‘hc ferrous state takes place 
in thejibre, and hot in the solution. It is argued 
that the fibre precipitates the ferricyanide, and that 
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this is followed by a rearra^igement of its constitu- 
ents and production of th'.' blue compound. 

A solution of gelatine was found to precipitate 
this ferric ‘;alt in an almost quantitative way. This 
may confirni- the writer’s ojiinion that the ferric 
ferricyanido js present in the colloid form, and not 
in ^a slate of '‘solution as supposed by Cross and 
Bevan. 

As the jute fibre contains an ‘aldehyde group, 
and a hgkone, or quinone containing a CO group 
and OH groups with phenolic functions (Chetn. 
Soc. J. 55, iqg), it is contended that this will account 
for : , • 

(i) Tlie deo.xidaiion of Fe'"; (2) union of ferric 
and ferrous oxides; (3) combination with HCN. 

The authors do not con.sider that dyeing can be 
of such a simple nature as Vignon assumes, viz., 
the interaction of groups of opposite nature (acid 
and basic). 

So far as the colour is concerned, they assume 
that in the complicated cyanide we have to do with 
a Cg ring and a quinoid constitution. This falls in 
with Armstrong’s theory of colour (Proc. Chem. 
Soc. 1888, 27 ; 1892, loi). 

Returning to this subject when criticising two 
papers attacking the solid solution theory (Weber, 
J.S.C.l. 13, 1*0 ; and Dreaper 1 ^4)6), Cross and Bevan * 
(J.S.C.I. 13, 354) fleny that the reduction and fixing 
is caused by contact action with the aldehyde groups 
of the* fibre, and they distinguish between the 
process, which may be chemical, and the product, 
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which is a solid solutipn. The authors consider 
that in the dyed fibre tljie state of the dye is one 
of dissociation or molecular simplification, similar 
to that knomi to prevail in gases. At any rate, in 
dilute solutions they regard the action* of dye and 
fibre as a case of ordinary solid solution^, Magenta 
can be dissociated in solution by prolonged heatiRg, 
but with a complete loss of colour. They also 
consider that the^extrcme sensitiveness of diazotised 
primuline produced in the fibre is a ‘result of 
solution. 

In a fully developed ingrain dye they consider 
that we have a chemical bond of union between the 
dye and fibre. The fact, however, that this diazo- 
tised primuline is capable of further synthesis to 
produce ingrain colours is one of the essential fea- 
tures of solution as opposed to chemical action.'' 
Why this is so they do not, however, explain. It is 
even known (Dreaper, J.S.C.I. 13, 96), that in 
some cases this action of developing cannot take 

place. There seems to be as much evidence for, as 

( 

against this proposition. 

While arguing that dyeing is a matter of solution 
they hold that the molecular configuration of the 
reagents plays a part. One of the principal arguments 
against the solid solution theory is that solid solution 
‘is practically impossible when the*varied nature of 
these reagents is taken into account. 

Their contention, tocf, that the action is aided 
by the presence of salt-forming groups (chiefly OH), 
modified by the groups with which they are in 
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proximate or immediate cojitact, at once brings us 
back to the chemical theory, and with this the need 
of a solid solution theory vanishes. 

We hoi:e have a ‘singular division of the action 
of dyeing; and solid solution relegated to the prodtict 
to the exclusion of the process of dyeing, which may 
be eithbr physical, or chemical. 

THe claim made by Weber that once grant a 
chemical action, and the solid solution theory is no 
longer *?e(^uired to explain the action of dyeing, 
seems a reasonable one. The claim that the sub- 
stance in solid solution is different from the one in 
solution is an arbitrary ont. 

Weber contended that the differentation between 
the process of dyeing, and the final state of the dye 
contains all the elements of a scientific abortion.'' 
Furthermore, that the writer's investigations, 
coupled with his own (above), lead to ''an un- 
conditional rejection of the solid solution theory 
as proposed by 0 . N. Witt." 

It is of interest to note that S. E. Sheppard 
{Photo. Journal^ 1903, 271) holds that the colour 
sensibility of silver haloids, when treated with certain 
’ dyes, is due to the formation of loose compounds of 
th‘^ dye and the haloid. The extra sensitiveness of 
these silver salts to the action of certain rays of 
light might be, in»a way, comparable to the results 
obtained with priijiuline diazotised in situ. 

The results obtained by •Walker and Appleyard 
{J.C.S. *1896, 1334) with picric icid, and i^s dis- 
tribution between water and silk, do not confirm 
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V. Georgievics’ experimejits with indigo carmine, or 
at any rate, do not agree with them. 

In this case they found that 

s/^yw^K. 

Here we have a case where the simp]e rule is not 
followed, which it would be if the molecular st^tc 
were the same in both solvents. The solid solution 
theory requires that the ratio of dye in solution to 
that in the fibre will be a constant irres{'>ectivc of 
concentration. 

If, however, the molecular weight is n times as 
great in the one solvent* as in the other, then the 
nth root of the concentration in the first solvent will 
have a constant ratio to the concentration in the 
other solvent. 

In the latter case 



will apply. 

Walker and Appleyard found that with picric 

acid and silk an equilibrium was est'ablished between 

the fibre and solution (dyeing at 100° C.). 

Also, if the dyed silk was treated with successive 

baths of water the action was reversible, but the 

time taken to reach a state of equilibrium was much 

Tonger (seven hours), It did not Miatter if the dye 

was on the fibre or in the solutioii^ a constant ratio 
( 

was ultimately obtained. 

The^ result does'- not necessarily uphold the solid 
solution theory. It is equally in agreement with 
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•any theory which requires a state of equilibrium, 
be it physical, or chemical. 

The hw of the distribution of picric acid at 
60° C. was found to be 

s/ 'yW = 35-5 

'I'liis result does not give support to the solid 
solniion ll-corj’’, for it indicates that the molecule 
of picric avid in solution is 2.7 times as great as 
] ;jV'v*ule dissolved in the silk. 

The treezing-point and electrical conductivity 
determinations indicate that picric acid is present 
in water in a simple moleci^lar state. Therefore, so 
far as Otir knowledge goes, it is impossible to recon- 
cile tliese figures with any theory of solid solution. 

By a mathematical transformation of the above 
formula we obtain 

log S = log 35-5 + log W. 

Z.7 

which when differentiated becomes 

^ ^ I dW 
^ S ” 2.7 w. 

Thi> indicates that if the concentration in the 
water is increased by any volume, the concentration 

in the silk will increase by — of its own value. 

Formulae v^f this nature ap^ly in many cases to 
absorption pheroijiena. Schmic^t and Kiister have 
shown this to be IJie case (Annalen, 283, 360). 

By substituting alcohol* for water in these 
^ experiments, in which picric acid is more soluble, 
less was taken up by the fibre. The ratio of the two 

12 
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concentrations to produf:e the same shade remains 
fairly constant, and is nearly the ratio of the relative 
solubility of picric acid in water and alcohol at 60° C. 

When benzene was used as a solvent, abnormal 
results were obtained. The silk would not take up 
any dye, in spite of the fact that rosanilme at once 
colours silk from this solution. Soiiie peculiarity 
in the system is indicated here, or some joint property 
of the picric acid, and benzene is possibly the cause 
of the different action. The difference baUveen the 
dyeing action of picric acid in water, and benzene 
might be due to the fact that in the former it is 
said to be in a state of ^ahnost complete dissocia- 
tion, and in the latter it is scarcely dissociated at all. 

In this case it would be the H ions which influ- 
ence dyeing, as sodium picrate will not dye at all. 
It is stated also that picric acid dissociates in 
alcohol. 

Benzoic acid is readily absorbed by silk. A 
solution of this acid was dissociated to the extent 
of 6 per cent. The salts of this acid are also 
highly dissociated, and any addition of the latter 
to solutions of benzoic acid reduces its dissocia- 
tion from 6 per cent, to zero. It would be 
expected that a smaller percentage of acid would 
be absorbed under these conditions. The absorp- 
^ tion is actually re^luced from 17 per cent, to 1.5 
per cent. The reaction docs not^ hold however for 
alkaline benzoates. • 

Furtlier experiments with other weak acids did 

1 

not corroborate these results. No relation could be 
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traced between the relative rate of dissociation as 
measured by the presence of K ions in solution, and 
the relative rate of absorption by silk. If, however, 
the acids be divided into the two classes of aromatic 
and fatty acids, a much closer agreement exists 
between constants. 

/file average absorption of the aromatic acids 
was 23 per cent., that of the fatty acids 5 per cent. 
In mos+ cases the proportion of acid absorbed 
to acief Axx’ solution bears an almost constant ratio, 
yet in some cases ^he absorption increases rapidly 
as the acid becomes more dilute. With citric acid 
the action is abnornicl. The amount taken up by 
the silk is almost independent of the concentration, 
and IS constant in amount. 

These results seem to indicate that a solid 
solution theory is unsatisfactory. Solid solution 
was originally defined by vanT Hoff {Zeit. Phys. 
Chem. 1890, 5, 322), as being a “ solid homogeneous 
complex of several substances, the proportions of 
which may vary ^without affecting the homogeneity 
of the system/' 

Schneider {Zeit. Phys. Chem. 1895, 10, 425) 
suggested that when barium sulphate carried down 
feriic sulphate from its solution, the action was of 
this nature, although he noticed that the ferric salt 
carried down \v^as proportional to the amount of 
the insoluble barkim compound present^ up to the 
limits of occlusion. Beyond this point the presence 
of excess of iron salt in the solution had Ti(i effect. 

More recent ijivestigators do not seem to agree 
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with this suggestion. Jannasch and Richards (/. 
pY. Chem. 1889, 39, 321) consider the action to in 
some way involve chemical action, rather than solid 
solution. Ostwald and others seem to agree with 
this view of the case. This subject received further 
consideration from Hulett and Duschak^Zi;^^. Anorg. 
Chem. 1904, 40, 196), who have farther noticed 
that when barium chloride is absorbed in this' way 
by barium sulplirate, it is not necessary that the 
soluble salt be present at the time of preapitation. 
When finely divided crystals of the sulphate are 
suspended in the solution the same action takes 
place. They further consider .that this phenomenon 
may be due to the formation of complex salts, such 
as (BaCL)SO, or (H.SOO.Ba. 

Quite recently Korte (/. Chem. Soc. 1905, 1508), 
as a result of further investigation of this subject, 
does not agree that solid solution is the cause of 
this action. 

It is also known that barium sulphate will absorb 
metals from colloidal solutions of the same (Vanino 
and Hartl, Ber. 1904, 37, 3620), '’fhese absorption 
results with such a comparatively inert substance 
as barium sulphate will give the dyer an insight 
into the possibility of some such action taking 
part in the phenomena, of dyeing, and lake formation. 

These results suggest rather that “'absorption 
is possible under such conditions, as are indicated, 
and that this is by no means confined to such 
conditions as approximate to those which obtain in 
the dye-house. 



CHAPTER VIII 


iiVIDENCE OF CHEMICAL ACTIQN IN DYEING 

t '* 

The suggestion that the dyeing action is primarily 
a chemical one, ha.s received support in the past 
from many investigators who have brought forward 
evideuv e in favour o^ this hypothesis. 

If it is possible to prove that the many and 
varied operations in dyeing and mordanting are 
governed by the laws which control ordinary chemical 
reactions, it is evident that our knowledge of the sub- 
ject is at once put on a satisfactory and simple basis. 

It is, therefore, of interest to follow closely the 
arguments, and facts, which have been recorded in 
favour of this vj^w. 

Unfortunately, the conditions under which much 
of the work on the subject has been effected are 
not entirely satisfactory. As a result, some of the 
data available arc unreliable, and it is impossible 
to allot to some of the w©rk its true value as 
evidence in favdTir of such action. 

early as the^year 1737 Dufay drew •attention tc 
the possibility of the dyeing action being a chemical 
one. This view was also supported by Bctfgmanr 
in 1776. , 
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In these early days the relative affinities of 
different fibres for the sapie dye-stuff were considered 
to be evidence in favour of chemical action. Berg- 
mann, for instance, specially pointed' out that 
sulphate of indigo is attracted by wool in greater 
proportion than by silk. He attrjb^ated this to 
the greater attraction of the substance of the former 
fibre for the dye. 

Wool was said to exert such an attra(;tion for 
the dye that the dye-bath was completely ex- 
hausted. On the other hand, silk could only 
reduce the amount present in the dye-bath. 

From this it is evident that these early investiga- 
tors realised this factor in dyeing, viz., the attrac- 
tion of the fibre for the dye ; and in this way they 
differed from those who at this same period 
ascribed the action to purely mechanical pheno- 
mena. If it can be established that dyeing is 
primarily due to this cause, the subject is at once 
narrowed within definite limits. 

Macquer in 1778, in his '' Dictioiinaire de Chimie,'' 
confirmed the idea that wool and all animal fibres are 
the materials which lend themselves most readily 
to the dyeing action. He stated that linen and all 
the vegetable fibres are the most difficult to dye, 
^ taking the least number of dyes, and , holding them 
loosely. He placecf silk in an fhtefmediate posi- 
tion, not classifying it as a purely animal fibre. He 
did not deny that this variable facility of taking 
and retaining different substances is greatly due 
to the number, size, and arrangerc.ent of the pores, 
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and their relative size as Compared with, the dye 
particles, but he did not i\llow that this is the only 
cause of the differences experienced in dyeing dif- 
ferent fibres, and of the results obtained. 

In support of this statement the following ex- 
perimental (wi^lence was advanced. If one-pound lots 
of wijol ai^d silk be mordanted with alum in excess, 
and dyec .separately in a dye-bath containing 
''oeli'r\et<l, with one ounce of dye in each case, the 
\^^ool will take a much darker colour. To obtain 
the same shade on the silk 2| ounces of colour are 
necessary. In both cases the dye-bath is exhausted. 
This eiiectually disposed of the idea put forward by 
d'Apligny that the pores arc smaller in the case of 
silk, and can only take the finest particles of dye. 
Dyeing, therefore, is not simply a question of 
encased p3rticl(,‘S. There is a real “ adherence on 
contact,” and even a chemical combination varying 
with the properties of the dyes and fibres entering 
into the reaction. He w’'as of opinion that the 
effect of a surplus number of pores might even 
diminish the cglour-effect by concealing the coloured 
particles. Dyeing was largely a question of surface 
action. 

De^thollet in his Elements of Dyeing ” collected 
all the fac^Si bearing on the subject, and favourecj 
the chemical theory as a result'of his investigations. 

Chevreul also* came to the conclusif)n that the 
action ^of dyeing was of the samj order as chemical 
action, which takes place slowly, when two ^r more 
bodies are in contact. 
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Persoz, in criticising Crum’s mechanical theory, 
held that the view that, acetate of alumina is de- 
composed naturally by the cotton fibre, just in 
the same way as it would be if the fibre were 
absent, is untenable. He refused to believe that 
the same amount of alumina would be*’given. up by 
the acetate in contact with mica pktes. - This 
difference would be still more marked at an elevated 
temperature. He therefore considered ,i<bat the 
cotton fibre exerted a powerful influence on the 
decomposition of the aluminium salt. (Sec p. ifld-) 

He actually gave particulars showing, in the 
case of alum solution, that’ actual decomposition 
of the solution took place when cotton or silk was 
in contact with it. He recorded that the solution 
became more acid, owing to its being deprived of 
a notable amount of its base. 

These experiments are probably the first of a 
series dealing with the decomposition of salts in 
solution by fibres. They may be regarded as the 
first direct indication that the action might be a 
chemical one. Macquer’s results might have been 
due to mechanical, or even optical causes, but this 
experiment stands on a different basis, and the 
proof of chemical action was thought to be a con- 
(Vincing one. 

These results do not agree with Crum’s con- 
tention thaCt the rate of change' in a solution of 
acetate of alumin^ is the same whether a fibre be 
present or not. Persoz also asked how the colour 
mixed with so viscous a solution as gum or starch 
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can occupy these sacs expelling the air and taking 
its place in the printing of fabrics. 

He stated also that a fibre impregnated with 
manganese dioxide should not dye, yet it is in a 
very favourable state to take up indigo. The fact 
that spine 4hi|bstances, such as baryta, calcium 
sulphate, tSjc., are never fixed by the fibre, while 
others are, 's,.he claimed, in favour of the chemical 
theory.^ ^ 

Muspratt (“ Chemistry as applied to Arts,’' p. 
766) thought that compounds deposited on wool 
or cotton became fixed Hirough different causes. 
'' Wool is strongly cohtracted by acids, and it is 
only under their influence that we can fix colours 
upon it. Cotton is contracted by alkali, a colour 
adheres to it only in so far as it presents an alkaline 
reaction.” The idea was also advanced that the 
different colours assumed by wool, silk, and cotton 
with the same dye, were due to configuration of the 
fibres. 

Kuhlmann (Qompt. Rend.^ April 1856) dyed 
samples of cotton and linen which had been nitrated, 
and noted the results obtained. The pyroxylin was 
well washed with water, and ultimately with soda. 
Aitei mordanting and ''ageing,” samples of these 
materials weje dyed. All tho nitrated fibres gave^ 
excessively pale * shades, as Compared with the 
natural fibres. There seemed to be evklence that 
althougl) the treated fibres rejected the mordants, yet 
they had increased attraction for the maddui' itself. 
Similar results were obtained with Prussian blue. 
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To obviate the possibility of these results being 
due to physical alteration in the fibre, he used 
Bcchamp's process to denitrate the fibre, and noted 
that the cotton immediately recovered its property 
of receiving mordants and colours. ‘The effect of 
varying the degree of nitration was t© give varying 
results. He extended those experime^its to wool, 
silk, hair, &c. 

It was also lioticed that picric acid gaw a very 
strong tint on nitrated cotton. ^ 

Kuhlmann concluded that the chemical com- 
position of the bodies to be dyed had the greatest 
influence upon the dyeing ; •also that dyeing is due 
to chemical combination, and that the effects due 
to capillarity, and the peculiar structure of the 
material, were of secondary importance. 

It may be pointed out that the early authorities 
who favoured a chemical theory, based their theo- 
retical conclusions on the hypothesis that the dyeing 
action was similar to, say, the reaction between 
caustic soda and hydrochloric acid. In other words, 
that it was a definite, and simple one. 

It is assumed to-day by those who favour chemi- 
cal action, that the animal fibres possess acid and 
basic properties. They therefore combine with 
and fix the dye-stuff, at least those ^^vhich possess 
either acidic or bisic propertied themselves. We 
may therefore get actual salt formation. 

The fact that the animal fibres contain amido- 

I • 

acids therefore the basis of this theory. The fibre 
substance therefore contains both amido and 



^ EVIDENCE OF CHEMICAL ACTION IN DYEING 187 

hydroxyl groups, which play’their part in the respec- 
tive cases where basic and acid dyes are used. 

These two species of dyes might even be dyed 
on a fibre already mordanted and dyed with alizarine 
tlie lake of which would be held mechanically. The 
mordant in tins case would also be attracted chemi- 
caHy,.and then by double decomposition, or otherwise 
the lake would be formed. 

riie^atement has been made fhat there is no 
colouring-matter which docs not possess either acid 
or basic properties"' (“Manual of Dyeing,” page 8). 

The first time that the idea was put forward 
that wool plays the part of an acid in the dyeing 
of basic dyes (magenta) was in 1884 {J.S.D. and 
C. I, 209), when Hummel likened the action of 
the fibre io the fixing action for dyes of oleic, or 
tannic acid on cotton, &c. Although Hummel did 
not state in terms the decomposition which must 
take place when a basic hydrochloride combined 
with the wool substance in this way, yet it is 
clear that the hydrochloride must split up in order 
to enable the base to combine with the acid. 

In the case ol wool it was afterwards pointed out 
bv Knecht {J.S.D. and C. 1888, page 72), that when 
ttiis fibre is dyed with basic dyes (hydrochloride), 
that the whple of their acid ii left in the solution.^ 
If tb'e amido*thcory is correct, it is difficult to 
explain why the ^cid docs not combine? with the 
fibre. The writer doubts if the same result would 
be found^ with silk when the afAnity of that fibre 
for acids is considered. 
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Hummel also claims that this action is visible 
to the eye. When a colourless rosaniline salt is used, 
the fibre is coloured magenta. 

It is claimed (“Manual of Dyeing,'’* p. 8) that 
this conclusively proves the chemical theory, and 

that a coloured salt is formed with oiic of the con- 

♦ 

stituents of the fibre. 

If the action is a chemical one, it will follow 
that a point wlil be reached when the fibre sub- 
stance will all be used up, and a point of' maximum 
absorption attained. The following experiments 
are put forward by Knecht and Appleyard (J.S.D. 
and C. 1889, p. 74), to prove that this is the case. 
Silk was dyed with a large excess of picric acid and 
naphthol yellow respectively, with the following 
results. 






1 

I’lcru acid. |Na})li Ycl S 

'I artiM/ino 

Amount fixocl . 

1 

1 2().8»„ 

2 ^-(> 5 '!o 

Do in solution 

37 O'!;, 2(1.2'!,', 



Fifty })er cent, of dye was taken in each case on 
the weight of the fibre dyed. The ratio taken up 
of Naphthol Yellow to picric acid 20.8/13.2 is in the 
ratio of their molecular weights. 

Tartrazine does not seem to foUow this law, 
however. As picrit acid contains one OH group, 
Naphthol ‘Yellow, one OH and one SOsNa, and 
tartrazine 2CO.OH and aSO^Na groups, it is 
difficuif to decide in what way they might, or 
might not, combine with the fibre substance. 
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Von Prager and Ulrichs (^Farh. Zeit. 1891, 373) 
bold that these results are unreliable, and v. 
Georgievics denies that the'Naphthol Yellow and 
picric acid are taken up in molecular proportions. 

Recently (J.S.D. and C. 1904, p. 242), Knecht 
has brought forward results which he contends add 
support* the chemical theory. 

By* an improved method of analysis and work- 
ing with pure Vlyes, the following absorption results 
w^ere obf?^.ned. ; 


Dyt' used. j 

\mt. used 

Taken up. 

('alculaied. 


• 


• 

Orange G. 


i6.24‘>o 

— 

Crystal Scarlet 

50‘yo 

18-23% 

18.02^0 

Scarlet 2 G. . 


i6.37‘;o 

— 

Xylidine Scarlet 


I7.I2‘\> 

17-30% 

Orange G. 

25'\> 


— 

Crystal Scarlet 

25^,^) 

i742“o 

1740% 

Scarlet 2 G. . 

25% 

i5-53‘^o 


Xylidine Scarlet 

25‘>o 

i6.22‘^!o 

16.40% 


Orange G., Atomic wt. 452, Crystal Scarlet 502, 

Scarlet 2G. 452, Xylidine Scarlet 47Q. 

• 

Picric acid is now said to act in an abnormal 
way, and not in the way originally stated. In 
dyeing wool with increasing amounts of dye-stuff, 
a limit of absorption is reached in each case. 

For instance, with Crystal Sj:arlet the following 
results were obtaflied : 

Percentage of colour used : 

50 22.5 20 17.5 15 12.5^ 10 7.5 ^5.0 2.5 

Percentage of colour taken up by fibre : • 

18.2 17.3 17.0 16.6 15-3 14-2 II -9 9-6 7-2 47 2.2 
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This author holds that these experiments favour 
a chemical theory, from the fact that the dyes are 
taken up in molecular proportions. 

The effect of excess of acid in dyeing is said to 
be due to the production of degraded products in 
the fibre, which resemble lanuginic acid in their 
chemical action. “ 

The fact that the water can be varied, within 
limits, without altering the percentage of dye taken 
up is held to disprove the solid solution tn‘tT!ory. If 
this is so, and with such a definite cliemical action 
as is claimed, the fact that up to the point of satura- 
tion the dye is not alb rer\ioved from the liquid 
would seem equally to point against a chemical 
action on the old hard and fast lines. 

The law of mass action might possibly influence 
the result however. 

Alizarine S. (powder), oxalic acid and alum can 
be boiled together indefinitely without combination 
or at any rate, any visible change. If lanuginic 
acid, said to be present in wool, is added, a bright 
scarlet precipitate is formed. Tins is said to give 
additional evidence in favour of the chemical view. 

As before pointed out the above ratio breaks 
down entirely in the case of the sulphonic acids of 
phenols and amines. Dehydrothiotoluidinesulphonic 
acid is readily absf^rbed by silk^^ yet* Prof. Green 
could not find any of the abgve which had an 
affinity for the animal* or vegetable fibres. It is 
very di/ficult to explain why these sulphoilic acids 
are no\ attracted by the animal fibres. The amido 
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acid theory requires that tthey shall be readily 
absorbed. If the animal fibres have in th^ir sub- 
stance a compound which •readily combines with 
acid compounds, the tmly explanation of the above 
is that soluble compounds are formed. 

In the case of w^ool very little dyeing action 
takes in ^a simple solution of these dyes in 

water* No “figures are available for silk. If, how- 
ever, c?u acid* be added to the soUjtion the colour 
aLid IS free, and rapidly dyes the fibre, in the 
case of silk at ordinary temperatures. 

A preliminary treatment of wool with sulphuric 
acid, followed by very Hiorough washing, will cause 
this fibre to dye rapidly, when introduced into a 
neutral solution of an acid dye in the form of its 
sodium salt. 

It is claimed that this can be satisfactorily 
explained by assuming that the wool fibre has affinity 
for the acid, and retains sufficient to set free the 
colour acid. It would seem, however, that this 
explanation is not altogether satisfactory. 

An addition df sulphuric acid over and above 
that necessary to decompose the dye acid salt has 
an altogether abnormal effect on the rate of dyeing, 
li the dyeing action is a strictly chemical one, the 
excess of sulphuric acid might be expected to have 
the opposite*^ effect. The natuj-e of this reaction* 
is well illustrated^ by the following experiment. 
Boiling in distilled water, will partly remove 
the dye> (colour acid) from a silk skein, tff then 
a few drops of a strong acid are added to the 



192 CHE^MISTRY AND PHYSICS OF DYEING 

solution nearly all the colour will return on to the 
fibre. 

It is difficult to understand this action from 
the chemical point of veiw. In what form is 
the re-dissolved colour in the solution ? If present 
asfreeacid, why should the addition of acid influence 
the result ? If, on the other hand, *i:fie colour acid 
fibre compound is not decomposed, but dissolves 
out in the hot \\:ater, can the conditions exist under 
which this fibre compound is decomposs^^ on the 
addition of acid, the colour acid set free, and the 
latter combine to form the same compound in the 
fibre again in the presence of the acid which has 
decomposed it in the solution ? The opposite 
effect might be expected, viz., that the sulphuric 
acid would partly replace the colour acid. This 
matter seems to deserve special attention. 

It is contended that the substances in the 
animal fibres which produce these dye lakes or 
compounds can be isolated. 

Prof. Liechti states that albumin will decompose 
a basic dye in much the same w^ay as an animal 
fibre. In this case also, the acid remains in the 
solution. It will be remembered, however, as 
mentioned elsewhere, that this decomposing action 
is not confined to organic compounds of animal 
origin, but may take/place with sucji in^rt substances 
as porcelain. It is claimed for t^e above reaction 
that here there can .be no doubt that chemical 
combination takes*place, as the coagulated albumin 
is dyed magenta."’ 
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The proof here is not more satisfactory than it 
is in the case of magenta-dyed wool. In order to 
uphold siuh a statement it* is necessary to ignore 
the general reactions obtained with substances of 
the above nature. 

Kaecht states that if wool, or silk, be dyed with 
night blue, and the dye subsequently extracted 
with alcohor the compound actually formed between 
the ny< and the fibre is extracted. •.If this solution 
b(_' treated with barium hydroxide, the night blue is 
])recipitated, and the fibre substance can be recog- 
nised in the solution. 

This ^Kis been den’ed (Zeit. fur Farh. m^d Text. 
Ch. iQOj, 215), it being maintained that no such 
action will take place if the wool is purified with 
al( ohol before dyeing. The organic matter extracted 
is not of the nature stated, but consists of substances 
cxtracK'd by alcohol alone. 

This criticism has been answered (J.S.D. and C. 
1904, 72), by Knecht repeating his experiments after 
a preliminary treatment with alcohol. Under these 
conditions he states that he obtained a yellow 
residue, smelling of burning wool after ignition, and 
precipitated by an aqueous solution of night blue, 
01 magenta. It would have been more satisfactory 
if a blank ex}>eriment had been made side by side 
with the night b]ue one, in afldition to the pre- • 
liminary pnrificatiqn. ^ 

At first sight the case f©r the chemical theory 
seems tef receive support from the'action of ’pitrous 
acid on the fibre, and subsequent development with 
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phenols, &c. There does not seem to be any doubt 
as to the action in this case. The silk shows by its 
altered colour that the nitrous acid has acted on it 
and the subsequent development with phenols, or 
amines, is rapid and startling in its nature. It 
is certainly the case that some constituent of 
the fibre actually enters into the ^teaction’, which 
produces these “dyes.’' An attem])t made by the 
writer to isolat-e these compounds was not very 
successful. They seemed to be })reseii‘t "*111 very 
small quantities. 

No other experiments seem to afford such a clear 
indication tliat chemical action may take place in 
the process of dyeing. It might be fairly argued 
that the dyeing action is of a strictly chemical 
nature, if the matter rested here. 

Unfortunately, these experiments and their influ- 
ence on the action of dyeing have been discounted 
by some experiments of Bentz and Farrell (J.S.C.I. 
i6, 405). After confirming the above reactions, and 
that silk contains amido groups, the fibre was 
treated with nitrous acid for thirteen hours. After 
washing the fibre was boiled with alcohol, or an 
acid solution of cuprous chloride. Tliis removed the 
amido groups. The fibre would not then rediazotise. 
The NH 2 (orNH) groups had been removed. From 
^ the chemical point;'of view it is, ^lerffiore, clear that 
the fibre^ should not dye under these conditions. 
But the “deamidated” fibre takes acid colours 
equally as well ‘as the original fibre. Therefore, 
the inference is drawn that the amido groups play 
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little or no part in the dyhing of silk (or wool) 
with acid colours. 

These experiments need* to be extended; they 
should cover the subsequent resistance against soap, 
water, and alcohol. This should show if the amido 
groups pla}' an^; secondary part by holding the dye 
whep it* is c»nce on the fibre. 

The writor (J.S.C.L 13, q6) gave the results of 
a number of* experiments on dyes dyed direct 
and ingrain respectively. Figures arc given, show'- 
ing by curves and tables the differences obtained by 
dyeing primuline colours direct '' and ingrain 
on silk. * • 

Their fastness against soap and alkali solutions 
at a high temperature, was taken as a compara- 
tive measure of the way the dyes are held by the 
fibre. A standard solution of neutral soap, or 
sodium carbonate was used in all cases. 

The general results obtained were as follow^s : 

The difference in fastness of the dyes when dyed 
“ ingrain ’’ and direct was very noticeable. This is 
clearly shown in t^ic series of curves accompanying 
the paper. 

The dyes when dyed direct were not so fast as 
the original primuline against soap solution. 

The developed amine dyes are, with one excep- 
tion, very much faster in their*. resistance to soap • 
than the corresponding alcoholic or phenolic dyes. 
It may be argued from this,* either that the fibroin 
shows a •stronger acid than basic "reaction, as mea- 
sured in this way, or that the solvent action of 
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the soap is greater in the case of the alcoholic dyes 
than in the other. Either of these explanations is 
possible. 

It will be noticed that in the one case given of 
an azo triple dye, that the resistance against soap 
is increased in the ratio of i .7 to i . This may, again, 
be due to increased molecular volume, or to a 
state of greater insolubility. It would have been 
interesting to have used a phenol in the case of 
the second development, and also to have 'dyed the 
azo dye direct, and noted the effect of one or two 
developments on the fastness against soap. The 
only possible comparison given is that of Atlas Red 
R developed with /3-naphthol. This dye is prepared 
by diazotising primuline, and combining with 
w-tolylcnediamine. 

This dye was not so fast as might be reasonably 
expected. It was argued from these figures that 
the relative fastness of these two classes of developed 
dyes was not so much due to internal molecular 
structure as to the phenolic, or basic nature of the 
dye. 

Some “ developers ” will not act on the diazo- 
tised primuline on silk. />-naphthol.sulphonic acid 
(R salt) is an example. This can hardly be due 
to a simple matter of diffusion of the developers, 

' for substances (disi^olved) which p-re present in the 
ratio of their molecular weights, exert equal 
pressure at the same temperatures. 

If this is so, fit should be easily confii'med by 
nothing the relative amount of the “developers” 
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absoibcd by equivalent solutions. An alternate 
suggestion is that the diazotised primulme has 
an affinity lor this silk fibre which the R salt cannot 
overcome. - The presence of a sulphonic acid group 
in the developer may influence the reaction, and 
also the solution state of the developer. 

Jhe' fact remains, at any rate, that the R salt 
is unable to combine with the diazotised primuline 
in a silk fibre,' but able to do so in*a cotton one. 

The relative rate of development with R salt 
on cotton and mercerised cotton where the fibre 
is in a higher state of hydration might throw 
further light on this si^bjcdt. ,, 

The relative amounts of dye taken up under 
standard conditions fiom soap solution do not seem 
however, to indicate that the fibre has much chemi- 
cal influence on the amount of dye absorbed by 
the dye, as the following table taken from my paper 
(ibid.) will show. 


PiimiiliiK’ and . 

„ c„h;nh,, . . 

„ / 3 C,„H,.OH 

„ „ C„n,.COOH.OH 


Per cent, of dye taken 
lip )iy fibre. 

0.18 

0.19 

O.II 

0.12 

O.II 


The table on p. 198 shows the result obtained 
in the expermienl^ by boiling Hir different times in* 
standard soap solution, and covers most of the 
developers used in practice. • 

The s5.mples of silk were dyed 'with the ‘equiva- 
lent quantities of the dyes, or equivalent proper- 
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tions of primuline. The corlditions of dyeing were 
kept constant in all cases. After drying the 
sample lots of silk were boiled out for the periods 
indicated, and the resulting shades were carefully 
compared with standard samples ; or else the dye 
in the soap sTilution was estimated by colorimetric 
mgfhods. In'this way, the loss of colour on boil- 
ing off was estimated with a sufficient degree of 

accuracy. *• 

The rado of colour removed in the case of these 


Dye. 

Developer. 

" Tn- 
gnim” X 

‘Direct" 

y - 

X 

y 

Remarks. ' 

■ ■ ■■ 


, 


j 

• 

I’rimuliiK' 


0. 20 

0.74 

37 


*■ 


0.17 

0.75 

I 

4.4 



c«n4.()H.cooii{i.2) 

0.12 

0.75 

I 

6.2 




0.15 

0.63 

1 

4.2 



NH4.OH 

• 

0.08 

0.50 

I 

I 

Azo dye. 

- 


0.10 

0.70 

7.0 

- 

CVT,..NH., 

0.05 

0.6 1 

\ 

12.0 

Azo triple dye. 


c 

0.07 

0.32 

•t 

I 

<4 

I 

Na,C03 

• 


• 

0.052 

0.80 

15.4 

• 


* ” 

C,,lUNiy:J . 

r 

0.27 • 

0.79 

• 

2.9 

1 

• 


• 

0-27 

0.76 

1 -:'9 
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dyes is seen in the table on p. 199. The influence 
of the solvent (soap, or sodium carbonate) seems to 
alter the rate of “ boiling out ” materially. 

It is very difficult to reconcile these results with 
any purely chemical, or solid solution, theory. The 
stumbling-block is the altered fastness of dyes dyed 
ingrain and direct, and the indication that the dyes 
may be fixed in two ways. The difference between 
the fastness of the phenolic and amine dyes respec- 
tively may be explained in other ways. 

The affinity of these dyes from primuline for 
cotton seems to vary greatly, and here again the 
metaphenylenediamine colour has a fair affinity 
for this fibre, and the beta-naphthol one very little. 
These results are obtained when dyeing this fibre 
direct. It is therefore quite clear that a difference 
in dyeing properties is apparent when amines are 
used in place of phenols in the production of these 
dyes. 

Another point of importance was indicated. It 
was shown that the colours produced in the two 
cases, direct and ingrain, were not identical in shade, 
as shown in the table on p. 20 1 . 

This might indicate some difference either in the 
action or state of the dye. This has since been 
suggested by Brand (Proc. Soc. Ind. dc Mulh., Feb. 
‘and April 1901) as being due to aisecondary action 
between t^c diazo compounds and the wool. In 
my paper I indicated that the fact that some 
develo^ets would hot act on the diazotised primu- 
line might be taken as a possible proof that there 
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was some action between tfie diazo compound and 
the fibre. The same explanation has more recently 
been put lorward by Hepbtiin (J.S.D. and C. 1901, 
279). 

Taking the case of para-nitraniline, the fastness 
of ti e dy... a^^^ainst washing is said by Brand to be 
duje to ti'.e paranitrodiazobenzene being partially 
reduced at the (^xpense of the fibre substance to 


Dye. 

Develi>p(‘r. 

Colour obtained. 

IVk'tliod of 
dyeing. 

eniiiulinf' 


• Y ellow. 

Ingrain. 



Do., slightly darker. ^ 

Direct. 


C,H,.NH, . . 

Yellow (l)iown shade). 

Ingram. 


,, 

Do., slightly darker. 

Direct. 

,, 


Orange. 

Ingrain. 

S5 

Do., redder shade. 

Direct. 

JS 


Red-brown. 

Ingrain. 



Do., redder shade. 

Direct. 


„ 

Yellow. 

Ingrain. 

1 ’’ 

1 

Do., slightly duller. 

Direct. 


para-nitraniline. The excess of diazo compound 
would react, forming dinitrodiazoamidobenzene. 
This substance is very insoluble. 

It is just possible that a similar reaction may 
lake place in the case of diazotised primuline, and 
that it is this compound wWch is so sensitive to 
light, but it IS so easy to explain the subsequent 
action of the de\jelopers. 

It is held by Rossi (Ret. Gen. Chem. 1901, 670) 
that si*k will also act on diazJ) compouhds as a 
reducing agent, diazoamido or azoamido compounds 
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being formed, the difference being determined by 
the stability of the diazoamido compounds. This 
reaction once ended, the resulting compounds are 
held mechanically by the fibre. 

The reduced action of some de^'eloi)ers may. 


Rest stance of PhcnoUi dyes io the action of sifap. (Dreaper.) 



FASTNESS OF INORAIN COIOUKS. 

A: C.jHo-OH (ingrain). B : do. (djrect). C : CJ^.H 7 . OH/) (ingrain). 
1); do (direct). E: Primulinc (direct). 

however, be due either to the diazo compounds 
being held by the fiores by some , secondary chemi- 
cal action,, or else to the molecular aggregates of 
these developers being too large to enter the fibre 
substance in the ‘form in which they are 'present 
in the solution. 




EVIDENCE OF CHEMICAL ACTION IN DYEING 203 

If some such reducing Action takes place as is 
indicated when these dyes are developed ins'ilk, what 
is the corresponding action* in the "case of cotton ? 
The curves drawn from the above tables (see 

Resistance of Amine dyes to the action of soap. [Dreaper.) 



FASTNESS OF INGRAIN COLOURS. 

A ; C^Hj-NH, (ingrain). B : do. (direct). C : C,„H..NH,,/5 (ingrain). 
D ; do. (direct) E : Primuline (direct). 


p. 202) will also illustrate the relative resistance of 
the phenohe dyes towards thc^ action of the standard 
soap solution, fhey show the* general results whicii 
may be expected, in practice, and the r.elative fast- 
ness of the dyes. • 

Thb extra fastness of the Ingrain dye in the 
case of, say, cotton fibre and the phenohe dyes 
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after a treatment with soda is certainly difficult to 
understand, from a purely physical point of view. 
Mineral colours/ however, which are ‘‘developed"’ 
or formed on the fibre are certainly more resistant 
to the action of such solutions, and it is not likely 
that anything more than a modification in the 
physical state of the precipitate, and its position 
in the fibre, are the cause of this extra fastness over 
that of the same* mineral colours apjfiied ffirect. 

In the same way, the similar curves obtained 
from the corresponding amines are recorded (see 
[). 203). It will be noticed that in this case the 
amine wij:h the higher mblecular weight is the less 
resistant to the action of the soap liquor. 

In this respect it differs from the corresponding 
phenol. No general law can be given, as it is 
known that the resorcinol dye is not so fast as 
either the plumol or najihthol compounds. 

Pauly and Binz (Zeit. /. Farb, Text. Chem. 1904, 
373) consider that the dyeing property of silk and 
wool is due to the tyrosine present in albuminoid 
:ombination, and that it reacts ty virtue of its 
phenolic character. Pure tyrosine gives similar re- 
mits, but some albuminoids like salmine and scorn- 
brine, do not react in this way. Silk reacts (dyes) 
Detter than wool, because it has more tyrosine in 

I* • 

Is composition in i\w, ratio of |io per cent, to 
3-32 cei^^. • 

It is not clear, however, that silk does dye better 
;han wool. It is generally acknowledged that the 
'e verse is the case. Silk may dye^ more readily, it 
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is true, but these authors Jo not attempt to show 
that a standard dye will be taken up in tlie ratio 
of 10 to 3.5 at the saturation-point by the two fibres, 
which should follow if this theory is correct. 

The presence of tyrosine in the silk fibre is 
indica ' ed as follows. This fibre gives on oxidation an 
indoi)hcnol or oxazine reaction in a similar way to 
that obtained with a mixture of a />-diamine and 
a plie?;jj * *. 

If silk be soaked in a .05 per cent, solution of 
dimethyl /)-phenylenediamine in the presence of 
acetic acid and sodium acetate, and bromine water 
added, ■*'he silk fibre t^ikesf a slate grey colour. In 
the absence of silk (or wool) no such colour is pro- 
duced. This reaction takes place with tyrosine 
itself. 

1.4 amidonaphthol will react in the same way. 
Erdmann’s patented process for dyeing leathers, 
&c., is based on this reaction. 

Some evidence brought forward by Knecht 
(/.5.D. and C. 1902, p. 103) complicates, and in 
a way tends to disprove the amido-acid theory. 

The substances he isolated from wool and silk 
dyed with night blue would only combine with 
basic dyes, and not with acid ones. He also separ- 
rated a compound from silk which was stated to 
combine only acid dyes. * • 

The results obtained up to the present time by 
different investigators may be summed up as follows. 

ColcAirs may be obtained by* treating -silk and 
wool with nitrous acid, and phenols or amines. 
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Therefore, silk or wool may be dyed in this -way. 
Deamidated fibres can be dyed as well as the original 
ones, so that the" dyeing property of silk or wool is 
not necessarily due to NH or NH. groups. 

The relative action of the diamine colours on 
animal and vegetable fibres is difficult to under- 
stand, when considered from the cheniical' point 
of view. For instance, cotton may be dyed black, 
and wool be lefc white on dyeing in the cold with 
Diamine Black, BWH. 

In a paper on the '' Chemistry of Wool,” M. 
Matthews {] . Fraiildin^ Inst. CLIX., No. 5, 397) 
favours ;t:he amido-acid ‘thegry for the following 
reasons : 

(1) NH3 is among the products of destrutcive 
distillation of wool. 

(2) Wool is easily hydrolised by dilute alkaline 
solutions. 

(3) It readily combines with acids, and even 
with boiling dilute sulphuric acid. 

(4) The nitrous acid reaction. 

(5) The well-defined basic properties of the fibre. 

The following so-called '' coefficients of acidity ” 


are given: 

Silk . . . 143 

Allniniin . . 20.9 

» Gelatin' . . . 28.4 * 

r ^ 


All these facts may be readily allowed, but the 
evidence of the chemical nature of dyeing must 
ultimately rest on a more direct foundation, cn view 
of the conflicting nature of the evidence, when it is 
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considered from a general "point of view, and is 
taken in conjunction with other recorded facts. 

Even if the substantive. colours* owe their attri- 
butes to the grouping *N - R - N- ;as held by Vignon, 
this theory is not applicable to many colours like 
primuhne, the mono-azo dyes, &c., as pointed out 
by. Green end Levy (J.S.D. and C. 13, 1898). 

As far back as 1886 Muhlau attributed the sub- 
stantivv. nuajfties to the alleg(‘d fast that benzidine 
could be/ extracted from its solutions by bleached 
cotton. 

The above authors show that no affinity exists 
between benzidine and tlie cotton fibre,^or even 
mercerised cotton. Dianisidinc hydrochloride gave 
the same negatives results. 

It is considered by Willstiitter {Bcy. 1904, 3758) 
that if the dyeing of wool is due to salt formation, 
the fibre as an optically active substance should 
be capable of transforming, or '' splitting/' a racemic 
dye-stuff into its optically active .constituents. 

No racemic dye-stuff being available, the hydro- 
chlorides of alro])ine and homatropine were used 
in the experiments. 

An examination of the alkaloids left in the bath 
S' ill showed that they were in no way changed, and 
remained optically inactive. 

The infeiTiice is that no sVlt formation takes 
place. 



CHAPTER IX. 


EVIDENCE OF CHEMICAL ACTION IN DYEING 

' (coni ini ted) 

The suggestion that dyeing is primarily due to 
chemical action rather than physical action has re- 
cei\'ed the support of R. llirsch {Chem. Zeit. 13, 432). 

He assumed that “ Knecht has established be- 
yond doubt, that dyeing of animal librc^s is a chemical 
process.” 

Such being the case th(*re is no reason why dyes 
alone should be regarded as capabk‘ of absor})tion 
unless these compounds have somedhing in common 
from a chemical jioint of view, which distinguishes 
them from other compounds. Nietzki has endea- 
voured to show that this is the case {Clicm. d. org. 
Farhst., 2nd ed.). 

The difficulty in including the nitro bodies in such 
a scheme is evident. Nietzki meets tills objection 
with the statement that nitropheiiols have most 
probably a similar cdhstitution to the nf Lro^O])henols, 
which are now generally regarded as (juinone oximes. 

I * 

Hirsch does not, howevei, agree with this view. 
Experiments were made to ascertain if wool <has any 
affinity for organic substances in general. 
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If wool is ''dyed** witfi / 3 -naphtholsulphonic 
acid R, the greater part of the sulphonic * acid is 
absorbed, and resists the aption of boiling water; 
when the wool is put into a solution containing diazo- 
benzene, or diazoxyleno, the corresponding colour is 
developed with ease. 

The natuie of the alkali added to the bath 
greatly influenced the rapidity of the development. 
With sodium carbonate the actioi\ was very slow. 
Si.iiilai results were obtained by producing Naphthol 
Coeen (Casselia)on the fibre. Naphthionic acid was 
fixed on wool in either acid or alkaline solutions. 

‘ On tlie other hand, sulphanilic acid combined 
with great difficulty 'vith wool. 

Ci. H. Hirst’s statement that a benzidine sulphate 
solution boiled with silk, or cotton, contains all its 
sulpliuric acid at the end of the experiment, is no 
pi oof that the benzidine is taken up by the fibre. 

These experiments seem to indicate that wool 
will absorb organic substances of the nature of 
naphtholsulphonic acids, and that an acid state of 
the solution is mote favourable for absorption than 
an alkaline one. 

The fact that naphthionic acid is fixed by the 
w( d in both acid and alkaline solutions is probably 
against a chemical theory. Sulphanilic acid (p- 
amidobenzen.'^ailohonic acid) is ^Lbsorbed with great , 
difficulty, and only in concentrated solutions. 

Thiee years later, Binz ai^ Schroeter 1902, 
p. 4225^ supported the chemical theory, but they did 
not admit Lhat in all cases the fixation of substantive 

14 
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dyes is due to salt fonuation between dye-stuff and 
fibre. 

The fact thai. certain acid dyes will dye wool and 
silk in the presence of either acid, or alkali (caustic 
alkali), and that there are basic dyes which will dye 
in strongly acid solutions, is against any simpl(‘ theory 
of salt formation. It is clear that some other action 
is involved. 

Azobenzene-m.w'-disulphonic acid and /).-azo- 
benzcnemonosulphonic acid will both dye wool in 
an acid bath. The ‘^colours” will stand washing 
with water, but are instantly discharged by dilute 
sodium hydrate solution. These examples therefore 
conform to a salt producing theory. If, however, 
we dye with /).-hydroxyazobenzene we get an intense 
yellow in acid, neutral, or alkaline solutions. Salt 
formation is therefore unlikely in this case. 

Again, /).-amidoazobenzenc and />. -dimethyl 
amidoazobenzene dye wool an intense yellow in a 
solution containing a small proportion of acid. The 
same shade is obtained, however, if the proportion 
of acid is increased to 6 , 12, 20, or^ven 120 molecules 
of acid to each molecule of dye. 

Further experiments showed that the hydro- 
chlorides of w.m'-diamidoazobenzenc and tetra- 
methyl-m.m'-diamidoazobcnzene gave different re- 
sults. After an addition of 6 to lo- molecules of 
hvdrochloric acid to each molecule of base the wool 
remained quite white.. 

The following* conclusions were drawn from the 
experhnents. The groups and N(CH;j)., in 
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the ruota-position to the azb groups, and the pre- 
sence of the sulphonic acid g)Oups impart to the 
chromogen dyeing properties whicTi result in the 
formation of loose salts with the animal fibres. 

A different state of alTairs is assumed in the case 
where Hie OH, NH., or N(CH3), groups are in the 
para-position. In the latter case the dyeing pro- 
perties cannot be overcome by the addition of alkali 
to soil! lions of the phenolic dye-stuff, or of acid to 
the basic . ubstances. 

Most of the substantive dyes for wool and silk 
contain theamido- and hydroxyl-groups in the ortho- 
and j»ara -positions re^ativ^ly to the chropiophor, 
and can be regarded as giving quinone derivatives 
as isodynamic forms. When, however, these groups 
are present in the meta-position, quinone formation 
does not occur, and the dyeing is only a question of 
salt formation, and that of a loose nature. 

In the other cases where true dyeing is said to 
take place, the action is probably due to a condensa- 
tion in the nucleus between the dye-stuff and the fibre. 

In answer to a*severe criticism by v. Georgievics, 
which is noticed elsewhere, in which the conditions 
of the experiments arc attacked, Binz and Schroeter 
thr‘V bring further evidence in support of their case 
{Bcr. 1903, 3008). 

Azobenzeuecerboxylic acid is a dye-stuff in the • 
same sense as the, corresponding sulphqnic acid, 
but it will dye only in neutral solution. 

Again, /)-.benzeneazo-trimethylammonium hy- 
droxide dyes wool, but the colour is destroyed ty the 
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addition of hj^drochloric acid in equivalent quantity 
to the dye-stuff fixed. 

The fact that chrysoidine and Bismarck brown 
give darker shades in the presence of hydrochloric 
acid is noted in confirmation of th idea that p.- 
amidoazobenzene yields with the fibre a condensation 
product, and not a salt. It is therefore contended 
that azobenzenesulphonic acid and carboxylic acids, 
w-amidoazobeRzenes and quaternary ammonium 
bases of the azo compounds dye with simple salt 
formation. 

On the other hand, ortho- and para-aniido- 
azoben?enes and most qf the ortho- and 
hydroxyazo compounds cannot give normal salts. 

Here a condensation of the fibre substance with 
the quinoid nucleus of the dye-stuff is said to take 
place. 

These experiments will require extending before 
such definite statements can be accepted. For 
instance, they do not agree with Prof. Green's results 
obtained with the sulphonic acids. 

These authors still further clefend themselves 
against a second criticism by v. Geoigievics {Ber. 
1904, 727). They deny that the neutral sodium 
salt of azobenzene-/>. -sulphonic acid is capable of 
dyeing wool in neutral solution. They claim that 
the wool used must have contained * free sulphuric 
acid. 

They also consider that the fact that alcohol 
will remove the dyes from the fibre is not proof that 
there is no combination between the dye and fibre. 
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The solvent action may be *due to decomposition 
of the fibre dye compounds first formed. 

They do not seem to meet the statement that 
ben/cne will act in the same way.' They also deny 
that picric ac^d is extracted by alcohol from wool 
after dyeing. 

Many of the contradictory results obtained by 
different obs''T*vers may be due to the different com 
ditions of dyeing, fibre state, &c. • • 

Hirsch :> experiments might well be compared 
with the above in their general effect. 

Examining the tinctorial values of the three 
isomeric hydroxyazobcuzenes {Zeii, /. Faih. und 
Text. Ind. 1904, p. 177), Prager criticises the results 
obtained by Binz and Schroeter. He will not allow 
that dyeing may be a condensation in the nucleus 
between the quinoid* dye-stuff, and the substance 
of the fibre. 

The ortho- and para-hydroxy azobenzenes are 
capable of assuming the quinone type, but the 
meta-compound cannot apparently assume an 
isodynarnic form. The meta-compound should 
therefore not act as a dye. 

In practice it is found that the meta-compound 
will dye wool, as well as the para-compound. These 
results arc held not to favour the condensation 
theory. * ^ ^ 

Collecting some, of the facts recorded in this 
chapter and elsewhere, the conflicting nature of the 
evidence Mn favour of a simple chemical theory will 
be at once realised. 
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1884. Muller Jacobs. Amido-azobenzene will 
not dye cotton, di- and triamidobenzenes will do so. 

1889. Ewer and Pick. Naphtbylencdiamincs. 
Position of amido groups determines dyeing power 
on cotton (a^ positive dyes). 

1889. Hirsch. />-Naplitholsulphonic acid 1 ^. 
dyes wool. Naplithionic acid fixed by wool (acid 
or alkaline). Sulphanilic acid has very slight 
affinity for wodf. 

1894. Green. Colourless sulphonic acids have 
no affinity for animal or vegetable fibres. Dehydro- 
thiotoluidinesulphonic acid an exception in the case 
of animal fibres. 

Colour deri\’ed from metaphenylenediamine and 
primuline will dye cotton, that from /Miajilithol 
will not, 

1902. Binz and Schroeter. Azobenzene m.m'- 
disul])honic acid and />.-azobenzenesulphonic acid 
dye wool from an acid bath ; /).-oxy -azobenzene dyes 
wool in acid, neutral, or alkali bath, />.-amidoazo- 
benzenc and /).-dimethylamidoazobenzene dye in 
acid bath of any str(‘ngth. 

Hydrochlorides of m.m'-diamidoazo benzene and 
tetramethyl-m.m'-diamidoazobenzene, dye wool in 
neutral solution, but not acid. 

1903. Binz an(J Schroeter. Azobenzenecarb- 
oxylic acid and /?.-bcnzeneazotrimcthyl ammonium 
hydroxide will dye in neutral baths, but not in acid. 

1904. Prager. 0.- m'.- and />. -hydroxy azobenzenes 
dye wpol in acid solutions. 

1904. Binz and Schroeter. The sodium salt of 
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azobenzcne /).-sulphonicacid is not capable of dyeing 
wool. 

It will be at once seen tiiat the reactions which 
take place in dyeing are, from a chemical point of 
view, of such a nature that it is difficult to appreciate 
their true \'alue. 

• It^s not easy to explain tlie action of some dye 
solvents on dyed mixtures of cotton and silk. It 
is well Ki^own*that some dyes may* be dissolved out 
of the silk libre and not taken out of the cotton by 
a solution of ammonium acetate. In this way 
“ shot ” effects may be produced. 

11 is generally agreed that cotton is comparatively 
iiK‘rt as an absorbent of dyes, yet under these con- 
ditions we ha\'e an enormously increased attraction 
as com])ared with silk. With these dyes we may 
even obtain black cotton and white silk. 

.\ further study of the relative “ absorption ” 
of the d3Ts in the respecti\’e fibres under varying 
conditions may clear up this point, and will be 
considered. 

In the year 1884 Boettinger discovered a dye 
which he named Congo Red. He found that it 
possessed the then extraordinary property of dyeing 
cotton direct from aciueous solution as well as it 
dyed silk. 

I'he whofe subject of the action of these direc^# 
dyes on cotton (and other fibres) is little understood. 

In a general way, there sterns to be some connec- 
tion De^lween the constitution of the dye molecule 
and its action. It seems to be important Aat the 
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amido-^roups occupy the para-position, and that 
the ortho-positions be occupied by a hydrogen 
radical. The meta-position seems to have little 
influence in the dyeing or tinctorial properties. 

The double chromophorous group in 

the tetrazo dyes seems to influence the dyeing in 
some way, but the presence of this group alone does 
not suffice to make the dye a “ direct ” one. 

The primuline dyes do not contain this group, 
nor are they azo dyes at all. 

They possess the chromophorous group 

Some dyes contain botlTthij? and an azo group; a 
dye of this nature is Cotton Yellow R. 

It may be said here that the view of chemical 
action occurring in the dyeing of these colours is 
unsatisfactory so far as the dyeing of cotton is con- 
cerned. In fact, the advent of these dyes has 
been as unexpected, and revolutionary, from the 
theoretical as from the practical point of view\ 

The fact remains that there are many dyes winch 
dye cotton direct under conditions which seem to 
exclude any chemical action. 

In certain cases, the affinity of the cotton for 
the dye is so great that the bath is almost exhausted. 
This is so in the case of Diamine Fast Red F. In 

r , 

other cases a great proportion of j,he dye is left in 
the solutipn. The facts known. about the dyeing 
of these dyes are incomplete. The dye in most 
cases is readily rem'ovcd by water. This is, of course, 
notice(^ with other dyes on silk. ^ The amount of 
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dye taken up seems to vary with the concentration 
but no careful work has been done^on this subject. 
The results could not fail to be interesting. The 
addition of neutral salts and their great effect on 
the rate of dyeing in solutions containing these 
substances is very instructive. Their action from 
a ohepiical point of view is difficult to gauge. The 
fact that thv:se dyes are less soluble in the salt solu- 
tions possibly accounts for their Action, and this 
fact seemh to point to a physical rather than a 
chemical process, '^he fact also that these dyes will, 
when on the libre, combine with or form lakes with 
th(; basic dyes seems to s\iow that the dyes^ are not 
in combination wath the fibre (Knecht, J£,D. and 
C. 1886, 2). 

The attraction of these dyes for wool and silk 
is also a strong one, as is seen w^hen the test of 
resistance is applied to the action of the ordinary 
solvents (water, &c.). 

The factor which operates in the case of cotton 
therefore seems to have a similar value in the dyeing 
of silk or wool. 

A point which must be noticed is, that these 
dj^es seem on the ani al fibres to have a greater 
re..’stance to the action of light than the same 
colours on cotton. ^ 

It seems strar^e, also, that these dyes are taken* 
up more readily in«alkalinc solutions by cotton, and 
more readily in acid solution!! by silk. 

Dian\ine Milling Black is even said +0 dye 
well in a solution containing 7 ozs. of soap and 
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ij ozs. of soda to a gallon {Text. Manuj. 1901, p. 

319)- 

In the practical dyeing of cotton three supple- 
mentary processes arc used to increase tiic fastness 
of these dyes, viz., diazotising ; tr(L.Uinent with 
metallic salts; or the ''coupling'' process. From 
their action it will be necessary to briefly describe 
them here. 

Diazotising * 'produces shades wliich are very 
resistant to the action of soap solutions at the boil, 
and sometimes to light. 

After dyeing, the fibre is put through a solution 
of nitro,ns acid, subsequently^ washed, and " devel- 
oped " in solutions of amines, or phenols. 

In practice />-naphthol, ;;L-phenylenediamine 
or resorcinol are chiefly used as developers. 

In the case of primuline, chloride of lime gives 
a very fast yellow if it follows the diazotising ])rocess. 

The incrc'.ased fastness produced by the treat- 
ment with metallic salts is also noticeable. 

The shades are faster against i\v' action of soap 
and light. 

Treatment with copper sulphate, although it 
does not act so universally as was at first claimed, 
gives very satisfactory results in many cases. 

Diamine Sky Blue F.F. is greatly increased in 
dastness. Diamine Brill. Blue G. i^s claimed to give 
as fast colours as vat indigo blue .in this way. 

At one time it was Chought that treatment with 
copper sulphate would increase the fastne*ss of all 
dyes. 
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Bichromate of potash gives greater fastness 
against soaping with Diamine Jet Black and Diamine 
Brown M. 

Fluoride of chrome is also used with Diamine 
Bronze, l"ast Red F., &x., to pu'oduce the same effect. 
Where the ac.^h)n is not that of a mordant it is obscure. 

•The process known as coupling has been already 
referred to. Here basic dyes are added to the bath 
and fixed by direct combination, of Jake formation. 

The difficulty attending the production of a 
satisfactory theory to explain the varied results 
obtained in the dyeing of cotton has been increased 
by the addition of stdl another class of dyes, viz., 
the sulphur dyes ; it would, pexhaps, be more 
correct to say by the extension of this class, for 
Cachou de La\xil may be considered a member of 
this group. 

These colours are produced by soaking the cotton 
fibre in a hot alkaline bath in the presence of sul- 
phide of sodium. 

The colours are developed and fixed by subse- 
quunt ('xjiosure to the air (oxidation). 

The extra fastness of dyes produced in the fibre 
is generally noticeable. 

In this case the dye is soluble in the alkaline 
bath by reduction, and subsequently by oxidation 
insoluble d3es a^e produced in the fibre itself. I a 
some cases a more energetic oxidation i^ necessary. 
Immedial Blue C. may be fleveloped by hydrogen- 
peroxide or by the combined action of steam and 
alkali. . 
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Until "we know more about the constitution of 
these dyes it is only possible to speculate as to the 
exact nature of their development. 

In the dyeing of indigo, also, some similar action 
plays at least a secondary part. Indigo is present 
in the dye vat in a soluble and reduced form. 
Subsequent oxidation of the indigo white after 
absorption in the fibre produces the insoluble indigo 
in situ. The dye so formed is remarkably fast 
against the action of light, or soap solution. It 
may, however, rub ” badly if the operation of 
developing is improperly conducted. 

So fajr as we know we reproduce the condi- 

tions of formation of these oxidation '' dyes as 
they exist in the presence of a fibre. There is no 
reason to think that the formation of the insoluble 
dye-substances in the fibre material takes a different 
course to that taken in solution, in the above cases. 

The action of tannic acid on organic colloids is 
an instructive one. The tanning of leather is of 
such a nature, that the theoretical work connected 
with tanning should be closely followed by those 
interested in the general operations of dyeing. 

The nature of the attraction which silk exhibits 
for tannic acid is indicated as follows. It is more 
readily removed from the fibre by a dilute solution 
of hydrochloric acid than by a solution of sodium 
carbonate. , 

The reaction between *oxy cellulose and basic dyes 
has been studied by Vignon {Compt. Rend.iz^, 448). 

It is found that this substance has a greater 
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attraction for these dyes th&n the unaltered cellu- 
lose. This will be seen in the following tablfe, which 
gives the results obtained with one’gramme of fibre. 

Filiro, Safranine, Methylene blue, 

Cellulose . . .000 g. absorbed .002 g. absorbed 

Oxycellulose . .007 g. ,, .006 g. 

^The same investigator {Compt. Rend. 1887, 125, 
357) has made an attempt to determine the mole- 
cular groups \<^hich confer on certain.^yes the property 
ot dyeing cotton direct. Compounds having similar 
constitutions to these dyes were taken. The basic 
substances were employed in the form of their hydro- 
chlorides, and their actioil in the presence of cotton 
carefully noted. 

The following table shows the relative absorp- 
tion of a number of organic substances. 


Substances absorbed by cotton, 

Neutral bath. 

Alkaline bath, 

Ammonia .... 

.2-. 4 

.2 

Hytlroxylamiiie 

.0-.3 

.2 

Hydrazine .... 

1. 2 

1.7 

Phenylhydrazine 

3.6 

2.9 

Aniline ..... 

.1 

.1 

Dimothylaiiilinc * . 

.0 

.0 

rdphcnylaiiiine .... 

•4 

.4 

o.-Phcnylenediaminc 

•4 

.6 

m -Plienylcncdiainine 

6.4 

2.4 

/).-Phenylenediaminc 

6.7 

3.2 

Benzidine .... 

6.0 

5.6 

Tetrametliyllenzidine 

• 7.0 

6.3 

Benzidine.sulpiionidp acid 

74 

4-8 • 

Diamidostilbcnedi.suiphonic acid . 

3.5 

• • 3.6 

Diani.sidine . . . • . 

6.9 

57 

Diairiijonaphthalene . 

r I.O 

1.7 


The following conclusions are drawn by^Vignon 
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from the results recorded in this table. Fixation 
is held to be due to chemical action depending on 
molecular grouping. The dyeing is not due to the 
benzene nucleus containing free nitrogen atoms, or 
two nitrogen atoms joined together to form azo- 
groups, since diphenyl, ammonia, hydroxylamine, and 

azobenzene are not absorbed. The diathines, with the 
. . . - .♦ 
exception of e.-phenylenediamine and the hydrazines 

are absorbed to a considerable extent, and the 

i'' 

absorption appears to be independent of the degree 
of saturation of the azotised molecular groups. 

It is argued from these results that the dyeing 

property seems to be due to the grouping 
♦ * 

N— R-N< ^ or >N--N 

that is to say to the hydrazine N atoms united 
directly, or indirectly by means of aromatic residues. 

It is further argued that in the case of the direct 
colouring-matters the nitrogen atoms unite with the 
cellulose molecule and then become pentatonic. 

; -N—N ; 

/\ A 

The fact that benzidine and tetramethylene- 
benzidine are absorbed by cotton, whereas the methyl 
iodide compound of the latter in which the nitrogen 
atoms are already pentato nic is not taken up, also 
lends support to this 'theory. * 

The thermo-chemical investi^aVions ot Vignon 
are instructive (BulL Sqc, Chim. 1890, 3, 405 and 
Compt, Rend. ii0‘ p. 909), and are held by that 
investigator to support a chemical theory. Dealing 
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first with silk in the '' raw ” and boiled off '' state, 
the following results were obtained ; 



Rn w 

Silk, 

! "Boik-d 

oft Silk, 

Rram'iits Nj 1 sols. 

(\ilc. for 

Cal. for niol 

Calc, for 

Calc, for 


100 "rms 

\vt. m grins 

lou grille. 

1 

mol. wt. 

Water 

.10 

3 5 

' -15 

5-2 

Pot. Hvdrate •. 

1-35 

47-<> . 

! 1.30 

45-25 

'“'od. Hyorate . 

^•55 

53 05 

’ 1-30 

45-25 

Ammonia 

d>5 

22.65 

•5(> 

17.4 

H,S(), . 

•05 

33 u) 

JJO 

: 3T.35 

HCl 

•05 

1 33- m 

.C)() 

: 31.35 

HNO 

.(}0 

3R35 

•«5 

! 2().6o 

•KCl ■ . . . 

.20 • 


.10 

1 3.50 


1 0.65 


6.00 

1 

j 


The above figures represent the heat-units 
evolved, the average temperature of the experiments 
being 12° C. The formula for gum silk was taken 
as and that of the boiled off silk as 

the same. 

The alkalies removed some of the silk gum. The 
total number of heat-units evolved was 6.0 in the 
case of ungummed silk, and 6.65 in the case of the 
raw silk. 

The results obtained in the case of wool were 
different. 


Reagent N 1 

[ sol. Heat -uni Is per 

Heat-nuits for 

® 1 00 grins. 


KHO 

. • 1. 16 

^4-50 

NaHO 

I.I5* 

24.30 

HCl » 

•95 

20.05 

H„SO., 

•99 

• 

20.g(f 
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These experimentsr were made on unbleached 
woolleiT thread. 

Turning to cotton it was noticed that the rise in 
temperature took seven or eiglit minutes to reach 
its maximum. The following results were obtained : 


1'^ fatten ts. 

Cotton thrcLui iinbledchcd. 

(>)lfion wool h\ 

(.'ached. 


])er !()(} grins. 


per 100 grins. 


KHO . 

.80 

1-3 . 

• 14 

2.27 

NaHO . 

. .'.65 .. 

1.05 . 

I- 3 .S • • 

2.20 

HCl . 

.40 

.(>5 . 

.40 . . 



.38 . . 

.60 . 

.36 . . 

.58 


The effect of bleaching on the thermo-chemical 
reactions in the case of cotton is important. Vignon 
considers that the difference is due to the presence 
of oxycellulose in the latter. 

These results would in themselves indicate that a 
chemical reaction may take place under the recorded 
conditions. It has, however, been shown (Goppels- 
roeder, Cenir. /. Text. Ind., No. 38) that both 
indigo and Turkey Red are attracted with greater 
avidity by oxycellulose and chiorocellulose, but 
there does not seem to be much evidence that chemi- 
cal action can take place in the dyeing of these 
colours. 

Furthermore {Chem. Zeit. 23, 1891), Vignon ex- 
^oerimented with thebbject of increasing the activity 
of cellulose fibre by chemical means. Treatment 
with ammonia at 100 200° C resulted in the fibre 
taking up nitrogen. The result in the calorimeter 
with this product indicated that the fibre was more 



EVIDENCE OF/ CHEMICAL ACTION IN DYEING 225 

basic. This treated fibre will 'attract large quantities 
of acid dyes giving dark shades. 

The influence of this treatment ieems to be very 
great, and the attraction for dyes is increased. 

Experiments with stannic and metastannic acids 
also ^ive important results when tliey are “ dyed 
with 'phcnosai: anine. 

Stannic emid absorbed 63 per cent, of the dye in 

a standard soJution. 

• • 

Metastannic acid absorbed o per cent, of the dye 
ip a standard solution. The more strongly acid 
oxide fixes the most colour. 

Vignon sums up the r^^sults of his experiments 
{Chcm. Zcit, 10, 1891), and considers that the following 
facts are in favour of a chemical theory. 

(1) Thermo chemical reactions of fibres. 

{2) Increased affinity shown by ammonia treated 
cotton. 

(3) Action of the oxides of tin. 

The chief arguments in favour of chemical 
action arc summed up by v. Gcorgievics as follows : 

Magenta, methyl violet and chrysoidine are 
def'omposed by silk and wool, hydrochloric acid 
remaining in solution. 

(2) Rosaniline base is colourless. The salts 
arc coloured Wool is coloured when dyed from 
an ammoniai.al solution of the ’base (Jaqucmin). 

(3) The red soltition of amidoazobenzcnesulphonic 

acid dyes a yellow shade, is the colour of its 

salts. 

(4) Picric acid and Naphthol Yellow arf* taken 

• 15 
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up in qyantities propibrtional to their molecular 
weights! 

(5) The thenho-chemical reactions of the fibres. 
It is pointed out, however^ that the decomposition 
of the basic dyes is brought about also in the* })resence 
of })orous inorganic materials, as the following figures 
will show. The. presence of an animal fibre* is not 
necessary. 


' 

^ (. olounn^-inattcr. 

Atnoimt 


Colour k It 

i 

( 1 lelt in 


taUi'ii 

1 C 1 in same, 

1 

in sol. 

so!. 1 

Magenta 

.2045 

.Olbt) 

i .08 

.0158, 

Methyl violet 

.2007 

.0152 

: .<)() 

.0152 

Clirysdidine 

.2015 

; .030(1 

1 .122 

.02(>3 


It will be seen that the ])roportion of colour 
base taken up by the jiorous material is 53 per cent, 
against only 8 per cent, of th(‘ chlorine. 

(dass beads will act in the same way, decomj)OS- 
ing the hydrochloride of the base.* W’ool takes up 
more hydrochloric acid at 45"* than at 100° C, so 
does porcelain. 

It is said that a rosaniline base can exist in two 
forms, and that the base is dark violet if j)recipitated 
in neutral solutions. The base, thereiore, may exist 
in two forms ; (i) As carbinol (colourless) ; (2) As 
ammonium base (cofoured), / 

A colourless aqueous solution of the base does 
not, therefore, exist ascKnccht states, and Jacque- 

I £ 

* J1 has recently been slated that Jena glass will not a', t in 
this way, owing probably to its great insolubility. 



EVIDENCE OF* CHEMICAL ACTION IN DYEING 227 


min’.: experiments may be* explained a? ^follows. 
The wool and silk absorb the base f^om tlie solution^ 
and Since the alkali is not taken up by the fibre the 
wool is coloured red. 

There seems to be some doubt as to the existence 
of th(' coioan'd ammonium base. H. Weil considers 
thc^t tli^‘ C'^lour is due to unchanged magenta in the 
precipitLitio 

V. ±_)ae\ei' {Boi'. 1904; 2849) •also doubts the 
existence wf e. (ieorgie vies’ coloured ammonium base. 

Hantzsch (Bcr. :^9oo, 752), on the other hand, 
holds that the rosaniline bases are capable of 
existing. 


(1) 

(^) 

( 2 ) 


'f'riiv' coloni ])a^ 

' VIIOH 

I’sciido ainnioiiiuiii base : 


Iniido or anbvdndc luise : 


H.N,(',H, 

h;n.c„h, 



: NH. 


Inirther work on the absor])tion of dyes by in- 
organic substances has been undertaken by (hnelin 
and Rotheli {Zeit. /. an^cw. (licm. 1898, 482). 

Glass beads were dyed for eleven weeks under 
idonticnl circumstances with (i) Magenta; (2) Ma- 
genta and ammonia; (3) Rosaniline base. They 
were all dyed to the same shade. 

Each lot was then washc'd with alcohol. The 
two last lots soon lost their tolour. The first kept 
Its colour for some time, and was even then not 
decolourised. 
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It is ^argued from these results that magenta 
may dye in two ways, the one chemical, and the 
other mechanical. 

These results are held to confirm the existence 
of two states of one magenta base, and that the 
carbinol base is fairly stable, and requires strong 
acids to convert it into the ammonium base. The 
conversion of the one into the other in the presence 
of silk is explained by assuming that tlie silk acts as 
an acid. 

Some experiments on the alkylation of magenta 
compounds also seemed to point to chemical action. 
A skeii] of silk dyed with, magenta was allowed 
to stand in the cold in contact with methyl iodide 
in methyl alcohol. Side by side, and in the same 
mixtur(', were rosaniline base, rosaniline hydro- 
chloride (magenta), rosaniline stearate, and the 
amido-stearate of the same base. 

The only change noticed was the alkylation of 

the rosaniline base. This changed to a deep blue. 

The inference is that the magenta is present in the 

silk in a state corresponding to the hydrochloride, 

stearate, &c. In other words, it is combined with the 

silk. Unfortunately, it was not proved at the same 

time that the insoluble basic salts act in the same 

way as the base itself, and not as the normal hydro- 

'chloride. Until it is settled that the rhagenta is not 

♦ 

present in this state on the sil,k, these results are 
inconclusive. At a Temperature of 35 -40*" C 
alkylation took place in all cases. They all turned 
dark blue. 
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The colour of amidoazobcnzenesulphomc acid on 
the fibre is held by v. (ieorgievics to be yellow because 
the amount of dye present is not sufficient to dye it 
red. 

Attempts have been made by Prudhomme (Rev. 
(ren.^dcs M Col. 1900, 4, i8()) to replace the fibre 
b}; a hcpiid for experimental purposes, with the 
object of studying the results obtained under these 
conditions, ‘faking a solution nut miscible with 
water, he dissolved salicylic acid or a weak base 
^acetanilide) in the ‘''ame. A substance like phenylgly- 
cocoll may be added containing both basic and acid 
groups. ‘ Dyeing ” w;di ba‘sic colours, different shades 
to those of the solution were obtained in the artifi- 
cial fibre.” They corresponded with those obtained 
on hilk with the sann^ dyes. vSimilar results were 
obtained with the sulphonated acid colours, using 
acc'tanilide as tht‘ ” artificial fibre.” That silk and 
w'ool b(dia\ e like amyl alcohol containing the above 
substances is the conclusion drawn from these ex- 
p(‘ri]uents. 

The presence* of salt-forming groups in the alky- 
lated diazo direct dyes is said to be proved (Mayer 
and Schafer, Her. 27, 4355), and this is put forward 

a possible explanation of the absorption of these 
dyes by coLton. 

The impitricics present in the cotton fibre may 
influence its (fy^ing properties in sgme cases. 
Schunck suggested (J.S.C.h, 815), that this should 
be tested by dyeing samples of tile cotton after each 
of the following operations ; treatment witli carbon 
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disulphide, alcohol, boiling water, hydrochloric acid, 
and tlieh alkali. 

The evidence in favour of the presence of carboxyl 
groups in the silk molecule is fairly satisfactory. 
Carboxyl compounds are formed when silk is decom- 
posed by barium hydroxide (Schutzynberger and 
Bourgeois), and by dilute sulphuric acid (Cramer), 
or alcoholic potash (Richardson). 

The result of ^lyeing wool witli both acid and basic 
dyes at the same time, seems to offer some support to 
the chemical tlieory. \\Tber shows that this may be 
done if a skein of wool be dyed with Scarlet R. .Xfter 
being carefully washed, it will fake up magenta. The 
percentage of this second dye will also be the same 
as that taken up by a white skein. Furthermore, 
the lakes produced by the combination of acid, and 
basic dyes are soluble in alcohol, but this solvent 
will not remove these dyes from llu- fibres. 

It has not yet been shown that a second acid dye 
will not enter a saturated fibre already dyed with a 
colour of this class, or that a basic dye will not ad- 
here to a basic dyed fibre. This would necessarily 
follow if the second colour did not displace the 
original one. Further work is necessary before these 
points can be cleared up. 

Weber’s statement that the benzidine dyes are 
attracted both in the* free state and as.'salts, is con- 
firmed by fimelin and Rotheli {Zdi. /. ungOT. Chem. 
i8q8, 482). The barium salts of benzopurpurin 
4B and benzoazurin 3G were prepared in its pure 
a state as possible. They both dyed cotton, and 
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subsequent analysis proved that the dye was present 
on the fibre as the barium salt, an(j that no decom- 
position had taken place during the procc^ss of dyeing. 

Owing to their reduced coefficients of diffusion 
they dyed very slowly. Correspondingly they did 
not bleed wh'^n once on the fibre. 

•A.inicroscopical examination of fibres in sections 
gives the fc-llowing results : Wool dyed with Crystal 
Violet or Malachite (ireen shows espial distribution 
of dye thioughout the fibre. 

Cotton dyed with the direct dyes shows in cross 
section that the dyes are more concentrated in the 
centre of che fibre' . * ^ 

Under the same conditions silk seems to be dyed 
equally throughout. A similar result was noticed 
by the writer with the primuline dyes in the case 
of silk. 

Returning to the basic dyes, these authors pre- 
pared the salts of palmitic and stearic acids, and 
dyed silk with them. The fibre was then dissolved 
in hydrochloric acid, but no fatty acids could be 
tra 'ed in the solution. 

They also record the fact that the benzidine 
salts of Naphthol ^'ellow S were decomposed on 
(lysine, the benzidine nmiaining in the solution. 

This is, perhaps, the place^to notice some ex- 
periments cl*- Schunck and Marchlewski (/. 5 .Z),. 
and C. 1894, 95)., The tinctorial effect, of plant 
extracts is greatly increased* by boiling with acids, 
and the ‘conclusion arrived at is that the effect pro- 
duced is due to the decomposition of the glucoside 
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and rhamnosides of the colour-substances present 
in the extracts. It is, therefore, necessary to 
assume hydrolysis to explain the actions noticed in 
practice when glucosides are used in dyeing. 

It has been assumed that chrome mordants split 
up the glucosides in dyeing, and their colour 
constituents only (Hummel and Liechti i. 

The authors find that in practice this assumption 
is correct. In. dyeing cotton with dati^cin, rutin 
and quercitrin tin* sugar is left in the sohition. 
In the case of ruberythric acid the decomposition 
did not take place. 

It will be seen from Hk. facts recorded in the 
last two chapters, that the (‘\idencc brought forward 
to prove that the action of dyeing is a chemical one, 
is both voluminous, and diverse*, in its nature, and 
that many of the facts which at first sight seem to 
support this hypothesis appear less definite on 
further examination. 

One of the most striking examples of this is seen 
in the fact that such an inert substance* as porcelain 
will split up the basic hydrochlorides, in much the 
same way as silk will do under similar eonditions. 

The base may be helei by combination in the 
second case ; but it is clear that the action may take 
place in the absence of any organic matter whatso- 
/3ver, be it an amido-acid, or of any other constitution. 

It is l:herefe)re a matter of^ difficulty to give 
to the recorded facts th-cir tiue significance. 

The fact that ' most of the work done- on this 
subjeef is of a qualitative nature, whilst in many 
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cases the reagents, and fibres, are in an unknown 
condition of purity, grt'atly increases the difficulty 
of the profile n. , 

It is not possilile therefore to do more than 
record the results obtainc'd in many cases, and 
lea\’(. llu, future to sift out the grain, and carefully 
weigh ‘it as evidence against the facts which seem 
to favour a wider theory of dyeing. 

11 would Veeim that generally •H^oeaking, certain 
fads indiv'atc' that dy(‘ing may be due to chemical 
action; but it is an exceedingly difficult thing to 
prove from the^e +hat the action is really of this 
order. ^ ^ 

Until the time comes when we are able to 
exjfiain tli(‘ actions whi('h take ])lace when colloids 
ncact in tlu‘ pr(‘S(‘nc(' of solvents, and delinitely 
assign to these [ffienomena their true value, it will 
be difficult to (‘stablish a strictly chemical basis for 
the reactions which take jfiace in dyeing; or even 
to prove that ^uch action is a determining factor 
in the i)rocessLS of dyeing, mordanting, and the 
formation of certain lakes. 
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and rhamnosides of the colour-substances present 
in the extracts. It is, therefore, necessary to 
assume hydrolysis to explain the actions noticed in 
practice when glucosides are used in dyeing. 

It has been assumed that chrome mordants split 
up the glucosides in dyeing, and their colour 
constituents only (Hummel and Liechti i. 

The authors find that in practice this assumption 
is correct. In. dyeing cotton with dati^cin, rutin 
and quercitrin tin* sugar is left in the sohition. 
In the case of ruberythric acid the decomposition 
did not take place. 

It will be seen from Hk. facts recorded in the 
last two chapters, that the (‘\idencc brought forward 
to prove that the action of dyeing is a chemical one, 
is both voluminous, and diverse*, in its nature, and 
that many of the facts which at first sight seem to 
support this hypothesis appear less definite on 
further examination. 

One of the most striking examples of this is seen 
in the fact that such an inert substance* as porcelain 
will split up the basic hydrochlorides, in much the 
same way as silk will do under similar eonditions. 

The base may be helei by combination in the 
second case ; but it is clear that the action may take 
place in the absence of any organic matter whatso- 
/3ver, be it an amido-acid, or of any other constitution. 

It is l:herefe)re a matter of^ difficulty to give 
to the recorded facts th-cir tiue significance. 

The fact that ' most of the work done- on this 
subjeef is of a qualitative nature, whilst in many 
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These results are applied to the absorption 
phenomena of vegetable fibres, ar/d an attempt 
made to explain the action, of dyeing with these 
fibres, which, unlike the animal ones, do not so 
directly absorb ordinary acid and basic dyes, and 
therc'fore cannot be so readily brought into line 
with any so-called chemical theory. 

'I'his explanation of the action of dyeing there- 
fore originated in. an attempt to, explain more 
jiarticularly the specific action of vegetable fibres 
toweirds dye-stuffs. 

To accept this theory we must allow that the 
action of dyeing is dn,e to the separation ^of the 
sparingly soluble colloid dye from the diffusible 
crystalloid, or solvent, by the dialytic action of the 
membrane itself ; which then becomes obstructed, 

(1) by the formation of insoluble'precipitates ; 

(2) by the gradual obstruction of the colloids 
in the interstices of the fibres. 

In order to dissolve these sparingly soluble or 
non-permeable bodies, wc must first dissolve them 
in crystalloids or easily permeable solvents. 

Dr. Jacobs describes an interesting series of 
ex])eriments with the artificial membrant's obtained, 
when a concentrated and neutral solution of alu- 
minium sulphate is introduced into a not too dilute 
solution oi Turkey Red oil. Membranes are in this, 
way formed round tjie drops ; and the diffusion of 
substances through them can be easily observed. 
For instance, when alizarine is 'mixed with the 
outer solution the colour diffuses into and colours 
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and rhamnosides of the colour-substances present 
in the extracts. It is, therefore, necessary to 
assume hydrolysis to explain the actions noticed in 
practice when glucosides are used in dyeing. 

It has been assumed that chrome mordants split 
up the glucosides in dyeing, and their colour 
constituents only (Hummel and Liechti i. 

The authors find that in practice this assumption 
is correct. In. dyeing cotton with dati^cin, rutin 
and quercitrin tin* sugar is left in the sohition. 
In the case of ruberythric acid the decomposition 
did not take place. 

It will be seen from Hk. facts recorded in the 
last two chapters, that the (‘\idencc brought forward 
to prove that the action of dyeing is a chemical one, 
is both voluminous, and diverse*, in its nature, and 
that many of the facts which at first sight seem to 
support this hypothesis appear less definite on 
further examination. 

One of the most striking examples of this is seen 
in the fact that such an inert substance* as porcelain 
will split up the basic hydrochlorides, in much the 
same way as silk will do under similar eonditions. 

The base may be helei by combination in the 
second case ; but it is clear that the action may take 
place in the absence of any organic matter whatso- 
/3ver, be it an amido-acid, or of any other constitution. 

It is l:herefe)re a matter of^ difficulty to give 
to the recorded facts th-cir tiue significance. 

The fact that ' most of the work done- on this 
subjeef is of a qualitative nature, whilst in many 
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The action of mordants in the fibre is ji double 
one. It may cither form precipitate^; with the dyed 
material, or else reduce the permeability of the 
fibre substance. 

The reason why vegetable fibres do not dye easily 
is also explained by assuming that they are more 
easijy 'fiermeable than the other fibres. This is 
})crhaps not the generally recognised vi(uv of the 
case. 

Similarly, mercerising or oxidation of the fibre 
does not act by reducing this action, but by 
increasing it in some cases. 

The jn^esence of albumin, casein, &c., on the 
fibre increases the colloidal nature of the fibre, and 
therefore the laws of dialysis will produce more 
powerful effects. 

In this way Mfiller Jacobs attempts to explain 
the action of dyeing. 

The (‘ffect of tannic acid in its mordanting 
action is to narrow the interstices of the fibre, and 
then combine with the dye to form a precipitate. 
The proof of this* action is said to be demonstrated 
by the fact that in dyeing alizarine on an aluminium 
mordant the latter must be present in great excess. 
Fi'tecn times the alumina necessary to form the 
normal salt i^Ch^HAi-AhO,) niust be present to 
give the best •result. * ^ 

The action of kids, tartar, &c., is said to prevent 
the superficial fixing of coloivs. 

An eittempt to extend this tlu^ory to the animal 
fibres is based on the fact that oiled cotton xfill dye 
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red with rosaniline hydrochloride. It is considered 
that this is evidence that the dyeing of animal fibres 
is not a ch(miical action. 

In this and in other ways this theory is supported. 
For instance, many organic colloids are hardly 
diffusible into animal fibres owing to their insoluble 
nature. Fhe sulpho-acids of these sul^stancC^ being 
more soluble in water give better results. They 
can more readily ])enctrate the fibres. Alizarine 
carmine and sulph-indigotine are gix’en as examples. 
They are both more soluble than alizarine and 
indigo, and therefore dye the fibn^s in a more 
satisfactory way. 

On *the other hand, these sulpho-acids may be 
too diffusible for vegetable fibres. 

Assuming also that the dyes become more like 
precipitates, as their nature becomes more compli- 
cat(‘d, and as the amount of carbon they contain 
increase's, it might b(‘ ex])ccted tliat the complex 
members of a group of colouring-matters would 
require to be present as sulpho-acids for dyt'ing 
purposes. This seems to be the cast* with the rosani- 
lines. 

The amido-benzenes are also epioted as an example. 

(ij Amido-azobenzenes (Aniline Yellow) is spar- 
ingly fixed on cotton even as the siilpho-acid. 

(2) Dianiido - azbbenzene (Chrys6idine) dyes 

cotton well. • 

I r 

(3) Triamido - azobgnzene (Phenylene Jh*own) 

dyes well. ‘ i 

Thi;? action with the sulphonic acids is not a 

* 

\ » 
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general one. For instance, 'the induiines are in- 
soluble, and siilpho-acids form more^ or less readily, 
but these will not dye cotton. It is considered 
that they are, in thij^case, too diffusible. 

The general conclusions arrived at were as 
follows. The permeability of a substance increases 
with fjfise in Lemperature, and fibres with narrow 
interstices require a higher temjierature in dyeing. 
Wool would (!'ome into this class.. It is also con- 
siucnal that when mordanted cotton is dyed at a 
low temperature, the relatively large interstices 
bca'ome smaller by deposition of the dye-stuff, and 
tlft‘n*a gradual rise in temperature is required to 
com])let(' th<' dyeing operation. 

If, on the other hand, the cotton is immersed 
initially in the boiling dye-bath, the colour will pass 
through these large interstices, and the material 
remain undyed. The mordant in this case is 
dehydratc'd, and the colour cannot be fixed. 

From this point of \aew the case of the colour- 
less sulphonic acids and their absorption is of in- 
terest. Is delnalrothiotoluidiiie sulphonic acid the 
only one in a highly colloidal state ? This might 
be capable of direct proof. This theory has been 
ro'..ghly outlined. Further particulars will be found 
in the original papers. 

There is ^irect evidence fi'om the work of 
Picton and also from that of Krafft (Bcr, 1899, 
32, if)o8), that high molecular dye-stuffs, such 
as the direct azo dyes, are colloMs. 

A series of experiments with Magenta, Methyl 
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Violet and Methylene Blue gave values by the 

ebullio^cope in ^alcoholic solutions very near to the 

tni(^ molecular weights. In water, however, the 

colloidal state is taken up. 

This result may be due to dissociation, and the 

less soluble nature of th(^ base ; or ]KTha))s to asso- 

» 

ciation. 

It is interesting to note also that tannic acid 
is said to be ^ very perfect colloid (Strutz and 
Hofmann), and to consider, as we have done else- 
where, the action of this acid. 

In the case of wool and silk, Krafft considered 

that the libre itself takes part in the interaction in 

« 

dyeing ; but that in the case of cotton the action 
is of a more indeterminate nature. 

We may learn much concerning the properties 
of colloids in the hydrogel state, and their action, 
from a studv ol the phenomena which occur in the 
formation of coloured lakes, for pigmc'nth and print- 
ing purposes. This subject has been more or less 
exhaustively studied from the practical point of 
view by 0 . Weber. The results "in detail may be 
studied in the original papers. 

It is well known that basic dyes (hydrochlorides) 
will fix themselves on indifferent substances, such 
as starch, cellulose, alumina, china clay, &c. In 
this way pigments rfiay be formed. ' 

The dyes are, however, very Ibosely held, yield- 
ing readily to water. rThey are also very fugitive 
to light (Weber, J.S.C.L lo, 896). I 

It •is also noticed that these dyes do not give 
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identical shades on these different nicdjia. This 
effect is also noticed in thv^. cae^ of dyeing on 
fibres,* with this class of dyes. The shades 
obtained ^n coltoii, wool, and silk, will often 
materially differ from one another, so that this 
action scenis to be a general one. The student 
will aC once realise the general nature of these 
dyeing operdtions. 

It i. interesting to note that tannic acid, which 
lias bt'er. of great value in the dyeing of cotton 
\citli basic dyes, is not much used in the pro- 
duction of Likes. When, however, the manufac- 
tun‘]*s v'dl trouble to j)repare their basic lakes in 
this manner, lhe\ are well repaid. The fastest 
possil)le lakes are ])roduced from these dyes in this 
way . 

II1C fact that those lakes produced in indifferent 
substances, are so extrenudy fugitive under the 
action of light deserves attention. A comparison 
between their fastness on textile fibres, and on the 
indilf(Tent substances, should be of inteiest. 

It is noticocT also that the attraction which 
these inert substances have for basic dyes is modified 
bv the nature of the acids which enter into their 
c« aistitution. 

Roughly .speaking, the amount of dye fixed is 
inversely priu^ortional to the respective strengths of 
the acids, with wAi^'h the bases are in con^bination. 
As a proof of this Weber gives the following results, 
which .diow the relative amount's of colour taken 
up by 100 parts of alumina. Under the standard 
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condition of the tests ‘2 grams of alumina were sus- 


pended' in 500 c^. of water. 


Coloiii list'd. 

\1)*iorlK'd hv U)( 

J)isinark Brown G. 


Acetate of Magenta 

7 -kI 

Metln'l Violt't B. 

4.S7 

Binlliant Cireen 


Magenta 


Indazine M. 


Methylene Blue B. 

I.<i2 

Thiollavine T. 

1-43 

Solid Green, 

T.Jl 

Saf ranine G.G.S. 



'I'liere seems to be a good deal of evidence to 
prove that these dyes when pres(‘nt 011 inert' sub- 
stances are in the form of basic salts, varying in 
constitution between the normal salts, and the bases 
themseh'cs. 

That they are not present as simple colour bases 
is proved by the fact that the bases themselves arc' 
for the most part colourless. This fact is to be 
remembered in coniK'ction with the dyeing of these 
colours on libres. Thc'se basic salts, unlike the 
normal ones, are very insoluble' in water. For 
example, a “ dissociation lake may be ])roduccd 
on china clay by precipitating Benzaldehyde Green 
in the })resence of (daubcT S salt, or acetate of soda. 

With this reduction in the “acidity” of these 
precipitated basic compounds, a corresponding loss 
in intensify of colour is noticed.'^ The lakes pro- 
duced in this way are -partly decolourised, and an 
addition of tannic acid will develop the oolour in 
some cases to the extent of fifty per cent. 
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If' one of these basic lakes be washed with boil- 
ing water, only traces of colouring'^matter go into 
solrtiOn, and the lakes iilthnately become colour- 
less. In the same way, tannic acid, by reducing 
the basicity of the colour salt, will bring the colour 
back to a grc^j^t extent. This redaction is important 
and, tlie a^'fion of solvents on basic dyes present 
in the fibre au'a cannot be correctly estimated by 
the alter'^d cdlour-effect ])roduced *iu this way. 

It is kiiown to every silk dyer, that washing with 
water will decrease t^m intensity of the shade in many 
cases, and a subsefjiuait treatment with weak acid 
will firing th(‘ colon .back. This subjec^^ should 
receixo^ turther attention. Light should be thrown 
on the state in which these dyes are present in 
th(' silk fibre. In the formation of lakes with 
tannic acid tlie action seems to be of an indefinite 
nature (f). N. \\'itt). The amount of tannic acid 
rc'Cjuired to produce a true lake of a thoroughly 
saturated nature, as compared with the amount 
required to precipitate the basic dye perfectly from 
an aqueous solution, is indicated in the followmig 
table. 


('oloui in^-iiKiltrr. 

r. \ actuallv 

<il»s(nl>cd. 

T. \. rL‘i|nirc‘il ior 
iiK'it* ])r(.‘oii)itation. 

M:' '.vMila 

()22 

173 

Ml’thyl \ jui{ t 

5i(> , 

138 

Solid Greoi. 



Mc’thylcne Blue f 

()20 

^i()8 

Chrysoidino , * 

322 

T()4 


W( hi p was unable to indicate the course taken 
by the int(‘raction between the dye and tannic 
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acid. It docs not follow in the lines of chemical 
attraction, as indicated by the constitution of these 
dyes. The action seems rather to be on the lines 
of colloid precipitation, and may be regulated by 
the state of the precipitate. For instance, lOo 
parts of the magenta tannic acid ^.ompound will 
absorb i6o extra parts of tannic acid i,f present in 
excess, while loo parts of the chrysoidine tannic 
acid compound will only absorb 6o 'extra parts of 
tannic acid under the same conditions. 

The fact that the tannates of antimony, zinc, 
tin, lead, or iron will give better and faster lakes 
than tannic acid alone (Witt) is an interesting point. 

Many organic acids form lakes (or insoluble 
compounds) with the basic dyes, and nearly all the 
aromatic acids act in this way. A similar result 
is also obtained with phosphoric acid, arsenious 
acid, or silicic acid when present as their alkaline 
salts. 

The action of albumin on some dyes is of 
interest. For instance. Diamine vScarlet B 

C,H,.N - N — QHrO.CTL, 

1 011 
C„H,.N - N — 

S(),.Na 

gives a very clear solution, and is not j)recipitated 
,by dilute acids. If this be added to a solution 
of albumin a decided precipitate is obtained. It is, 
however, very difficuR to filter,’ being of a slimy 
nature. To precipitate all the dye a large excess 
of albumin is necessary. If, however, the solution 
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be heated to 80° C the albumin coagulates, and 
carries down with it the whcle of ithe dye* in the 
form of brilliant scarlet flakes. 

If this precipitate is boiled with water it will 
give up some of its colour to the solution. The lake 
is also slowly decomposed by soap solution at So*" C. 
Th(5 lake on arying gives a heavy solid, which shows 
little sign 01 swelling, or solution, in water, and soap 
solution at 80^ C scarcely affects it.« . 

Acetiu acid may take the place of heat in pre- 
cipitating the lake, but this acid will not precipitate 
either the dye, or the albumin by itself. 

'Hiis action is not cpnfihed to direct dyes. Sul- 
phonateil basic dyes, azo dyes, and sulp!ionated 
nitro bodies act in the same way. 

It would seem that for two substances of the 
above nature to ‘‘ precipitate ’’ one another, one 
of them must be in a state near to the point where 
actual precipitation, or coagulation, takes place, 
(lelatin, for instance, is incapable of this precipi- 
tating action, but albumin in a sensitive condition, 
at either 80° C *or in the presence of cold acetic 
acid, will precipitate the dye. 

The influence of the dye itself also helps, or 
r'Tarrl.'^, this action. Diamine Scarlet will precipi- 
tate albumin in the cold. Eosine, on the other 
hand, will only act in this way at a high temperature^ 

It is said tha\,the shades obtained Ciorrespond 
exactly with those obtaincd«on wool, or silk. 

If ixid basic dye had combined with the albumin 
in the cold, a precipitate would probably have been 
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formed, a,nd this indicates, so far as it goes, that the 
action between the albumin and the basic dye is not 
of a chemical nature. „ 

For some reason the fastness against light of 
these precipitated lakes varies with the nature of 
the ])recipitant. Albumin lakes are s^id to be four 
times as fast as the corresponding baj'ium laljc's, 
using the same dyes. The extremely fugitive 
nature of the bfisic dyes on a china dlay basis has 
been already noticed. 

This may be due to two causes : 

(t) Difference in size of the dye aggregates. 

(2) Difference in tlu'way tlie dyes are held. 

Arguing from the extraordinary sensifivencss 
of diazotised primuline, when produced in a colloid 
substance, the size of the aggregates may affect the 
action. I'he matter is one which demands attention, 
and a further study of this matter ]nay lead to 
interesting results. 

Surlacc-Cnjicentratioii and Dcsoliition liffcds. - 
A modified theory on the above lines was recently 
brought forward (Dreaper, J.SX .I. 1(^05, 
to explain the general action of dyimig. It is 
founded on the work of Linder and Pic ton {J .C .S. 
1892, 61, 148 and 1H95, 64) and others, and attempts 
to explain the dyeing eiction on lines which are 
ysually regarded as physical, although it is not 
denied that chemical action mqy* suj)plement the 
actions, which lead to the general absorption of the 
dye by the fibre. 

The work on jiseudo-solution undertaken by 
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Linder and Picton has hardly received the notice 
it deserves by those interested in /the subject of 
dy( ing. 

The dividing line between perfect solution, and 
suspension has broken down. The difference be- 
tween the two states, is only one of aggregation ; 
although it IS not to be inferred from this, that any 
substance may, by successive stages, pass from the 
foriiK'r to thf latter state. This .action is neither 
a revc'i'sible one in many cases, nor is it necessarily 
a complete one. In solutions of colloids the relation- 
ship between the solution, and the colloid (solute), 
IS never complete, ar in the case of a crvstalloid. 
h'olutioii slops short at some intermediate stage, 
and cousecpiently, as has been explained els. where, 
the usual phenomenon of a lowered freezing-point 
of the solution is not in evddence to the same degree 
as in a perfect solution of a crystalloid. So far as 
appearance goes there is little difference between a 
colloid, and a crystalloid in dilute solutions ; but an 
examination of the physical properties of the former 
in solution indicates that the differences in the solu- 
tion state must be appreciable. 

An interesting case of a colloid in a state of 
pseiuhrsolution is that of arsenious sulphide, which 
can be ])re]>ared in a state of such fine suspension, 
that the sohition will pass easily through a porous 
pot without separation of the solid. , 

This is in itself a fact mi general interest, but 
when study the action of meiallic salts on these 
pseudo-solutions the results at once beedme Of 
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interest t,o the dyer. In their action on these solu- 
tions, the different salts divide themselves into 
sharply defined groups, corresponding with - their 
valency. As a general result the eilect of the addition 
of these salts, is to degrade the state of the pseudo- 
solution. The aggregates become larger in size, and 
may even be precipitated. The salts of tefv^alpnt 
metals possess tlie highest coeigulating power. Biva- 
lent metals only act with one tgnth *of the effect 
and univalent metals with less than one five- 
hundredth part of the intensity in the first case. 
This difference in the power of precipitation, even 
extends to the same metatl when the valency v'^ries 
(c.g., with iron). One molecule of aluminium chloride 
possesses the same coagulating power as 16.4 mole- 
cules of cadmium chloride, or 750 molecules of sul- 
phuric acid. 

When the coagulating action of salts on a solu- 
tion of arsenious sulphide is studied in detail, 
uncxj)ccted results are obtained. As an example, 
when barium chloride is used as a coagulating 
medium, the barium is carried ‘down, and the 
chlorine left in solution. Similar results are 
obtained with calcium chloride. The preci})itated 
metal is retained, even after thorough washing 
with water, but another salt m solution will 
replace it. 

This a(;tion is one of mass, anc| i^not due to selec- 
tive affinity, as it is reversible, and depends entirely 
on the proportion ol the second salt in solution. For 
examplh, both calcium and cobalt salts will coagu- 
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late in this v ay, yet either will replace the other 
if present in sufficient quantity in th^ solution. 

It will at once be seen that the influence of these 
experimer/s, on a strictly definite chemical theory 
of dyeing, is a disturbing one. A theory of mass 
action and the resulting affinity which is able to 
disinriv such a system as that represented by 
barium chioride in solution might clearly take the 
place ii a chrmic^l theory of dyejng, and explain 
tiie expe iments of Vignon and Knecht on the one 
Land, and of v. Georgievics on the other. 

It will be seen, that we may equally expect a 
smiiihr action with, say, Tosaniline hydrochloride. 
In fact,^ with such an example before us, Ve can 
hardly set any limit to this action. 

Extending their experiments to other substances 
Linder and Picton found that dye-stuffs such as 
Hofmann’s Violet, Methyl Violet, and Magenta, gave 
interesting results. 

The solutions of these dyes are so far perfect 
that the aggregates present are not sufficiently large 
to scatter lighd,*as some of the arsenious sulphide 
solutions do, yet they were non-filterable. These 
results are altogether abnormal, from the point of 
\ lew of the standards set up by these investigators 
for arseiiioes sulphide solutions, and we are clearly 
here face loHece with an extension of the action 
in the case of thele basic dyes. ^ 

Further experiments, however, showed that the 
porous material itself will absorkr the dye if broken 
pieces ot it were left in the dye solutioA. The 
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authors did not carry these experiments to their 
logical ‘conclusKm, by identifying the action as 
siiniJar in its nature to that of barium chloride, 
or they would have looked for a decomposition of 
the basic hydrochloride in the porous material. 
The cause of the decomposition of basic dye-stuffs 
in this porous material is uncertain. It is either 
due to a colloid state set up on the surface of 
the porous material, or else is, due "to “surface 
action.” 

Our knowledge of the actions which are associated 
with siiiTaces is incomplete, at the present time. 
It is possible to explain th(‘m in the lolloWing 
way. The matiTial of which a porous p )t is com- 
posted, by virtue of its liber<il surlace, and, as we 
know, slight solubility, will prestmt to the solution 
a large surface in a colloidal stat(e, and this by its 
action may decompose the basic hydrochloride, and 
precipitate the base. 

It is just possible that capillary action may 
play a considerable part in the at'tion. It must, 
however, not be lost sight of, tlult this action is 
directly connected with surface action. In fact, it 
is caused by it. The secret of capillary action being 
the greatly increased attraction at small distances 
(Hawkesbee). 

The dissociation bf the basic dye ih solution, if 
it takes place, and its influence oh such an action 
as the above, should mak(‘ experimehts on this subject 
important. Dyeiifg fibres and porcelain material, 
with dyes dissolved in mixtures of alcohol and water 
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in varying proportions, should be undertaken, and 
their relative actions noticed. f 

The influence of the addition of sodium chloride, 
or other :.alts, on pseudo-solutions of arsenious sul- 
phide is, by analogy, of great importance. 

The :>olution becomes non-filterable, and there- 
foiV (legradea in the scale of solubility. Tlie action 
of such siflistanres on dyc‘-solutions is well known. 
The iMi]K)rtanc(' of this action is considered by the 
writt‘r, tu be not so much that caus(‘d by a decreased 
solubility of tin" d'^e in the solution, as the solid 
solution theory requires, but that the increase in 
the ^ize of the aggregates* and their degradation in 
the scale of solution, is the important condition ; 
and that this is the cause of the modifled result 
drained in the presence of a suitable fibre. 

Furthermore, the effect produced by filtration 
shows that the degradation of the arsenious sulphide 
solution is sjiecilic. The (‘ffect is as if all the 
aggregates present are increased in size. 

From this and other considerations, the writer 
has put foiwvard* the hypothesis that in any system 
of a hydrosol, and to a modified extent in the case 
of a hydrogel, the size of the aggregates is determined 
l>v the two factors, the mutual attraction of the 
molecules and the solvent action of the solution. 
This latter ufetor maybe the attraction of the solute 
molecules for thc^-;r;of the solution. Wheij an equili- 
brium is actually* set up between these tw'o opposite 
forces, ^he aggregates wall be of *a definite size, and 
remain so until the system is modified some 
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secondary action, and the colloid either degraded 
in the stale of sWubility, or the reverse. 

It will be seen that the action of salts on a 
solution of a direct dye is capable of explanation. 
It has already been pointed out tint the direct 
dyc's do not give true solutions in )\^ater. That 
is to say, they give pseudo-solutions. The aptfon 
of salts should give the same results in both cases, 
and there is no <‘widence at present that such is 
not the case. 

The influence of different solvents on the mole- 
cular weights, or size of the aggregates, is undoubted. 
For instance, the following table shows the number 
of double molecules of nitrogen peroxide in different 
solvents (Walker). 


Solvent. Double 

iiioK. at JO 

. Double mols. at ocj'' C. 


er ctuit. 

l*er cent. 

Act'tic acid 

d77 

954 

Ethylene ('blonde 


()I.3 

(liloroform 

<12-3 

^5.5 

Carbon bisuljdiide 


77-5 

Silicon letracliloride . 


774 


It will therefore be seen that for some reason, 
probably owing to the relative attractions between 
the solvent molecules, and those of the solute, the 
state of aggregation varies greatly with different 
solvents. In the case quoted the state of aggrega- 
tion is never very great, at least, as cdmi)ared with 
that kno^yn to exist in the casf‘ ^of the so-called 
colloids, but it will sufficiently well indicate the 
action which takes ‘'place. 

The influence of increased temperature may also 
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be indicated in terms of the’molecular state of the 
solution. * * 

The increase in molecular weight in more concen- 
trated solutions, is indicated also in the case of a 
solution of alcohol in benzene, and for this purpose 
the following table is quoted. 


)uccnlf tioii 

1 Vr cf’.t. 

•TH .* 




Mill 

(Alcohol - 40 

. 50 

- 

« 



* • . 82 



- 


TOO 

S.8 



♦ 

• psn 

T4.() 




. 201) 


■f hi"' would also seem tb indicate that association 
increases with moicciilar strength of solution. 

Kljcd of concentrated solutions . — The increased 
effect produced in concentrated solutions of dyes is 
also 'explained by assiiiuing that the size of aggre- 
gates is constant in any solution of this nature. From 
this point of view, th(‘ aggregates are larger rather 
than more numerous in the more conctmtrated 
solution. 

So that we have alternate means of producing 
larger aggrega.tes. 

(T) By degrading the solution by means of the 
eddition of salts. 

(2) By increasing the concentration of the dye 
solution. * 

• 

Both of thesft jnethods answer in practice, but 
as will be poiilted out later on, the former is 
likely to be the more efficient, owing to the addi- 
tional effect produced by ''surface concenttadon,” 
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and, in practice, The saving in dye material is an 
important factor. 

We know that molecular aggregation extends 
to the state we call solution, and this is a further 
proof that there is no dividing line betvreen a colloid 
and a ])erfect solution. 

It is therefore suggested that the aggrvga.tes 
are, within certain limits, constant in number rather 
than in size, as the strength of the soliHion alters. 

With increased concentration, tliere comes a time 
when the aggi egates are so large that their relations 
to the solvent assume a new ])has(\ The ]:)oint at 
which they occupy a sj)aoc' larger than the ])h\>ical 
conditions of tlu liquid will allow may be a. critical 
one. In crystalloids, which do not pass throiigli the 
colloid state, but are controlled in their desolution 
by molecular forces which directly diTermine their 
ultimate solid state, this point is a sharp one, and 
gives rise to a separation of the salt, ]:)robably in 
the crysteilline form. 

With colloids, or substances which take a hy- 
drated form, the course adojTed is a different one, 
and between the pseudo-solution state, and that 
of the absolutely dry substance, there is no sharply 
defined dividing line; but merely a slow passage 
from one state to the other as dc'lermined by the 
relative proportion of water molec\des present, 
although the actual point at which the hydrosol 
is coagulated, may be a critical one. 

With decreased amount of solvent certain 
other phenomena come into mon^ active play, and 
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be indicated in terms of the’molecular state of the 
solution. 

The increase in molecular weight in more concen- 
trated solutions, is indicated also in the case of a 
solution of alcohol in benzene, and for this purpose 
the following table is quoted. 


)uccnlf tioii 

1 Vr cf’.t. 

•TH .* 




Mill 

(Alcohol - 40 

. 50 

- 
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TOO 
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■f hi"' would also seem tb indicate that association 
increases with moicciilar strength of solution. 

Kljcd of concentrated solutions . — The increased 
effect produced in concentrated solutions of dyes is 
also 'explained by assiiiuing that the size of aggre- 
gates is constant in any solution of this nature. From 
this point of view, th(‘ aggregates are larger rather 
than more numerous in the more conctmtrated 
solution. 

So that we have alternate means of producing 
larger aggrega.tes. 

(T) By degrading the solution by means of the 
eddition of salts. 

(2) By increasing the concentration of the dye 
solution. * 

• 

Both of thesft jnethods answer in practice, but 
as will be poiilted out later on, the former is 
likely to be the more efficient, owing to the addi- 
tional effect produced by ''surface concenttadon,” 
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by some such -secondary action, although the 
themsdves ar6 incapable of passing directly fror 
one side to the other. 

In the action of dyeing there is a constant pla’ 
of altered conditions due to temperature, alteratio: 
in concentration, &c., and consequently, a constan 
variation in size of the aggregates, which in iisel 
will entail this roving state of the individual mole 
cules. 

It has also been established by Linder and Pictoi 
{ibid.) that a 4 per cent, solution of arsenious sul 
phide is non-filterable under ordinary conditions 
This would indicate that the aggregates are 'large 
in size^ and support the above concc'ptions. 

Support is seemingly given to these \ne\vs b^ 
the observed action of the following complicate( 
and obscure cases in general dyeing. 

If a logwood iron lake be dissolvi'd in a diluti 
solution of oxalic acid, it will, as is well known, dyi 
silk and other fibres a deep black colour. In it: 
original state the lake is insolubh*. The partick': 
or aggregates have in its preparation betm so de 
graded in the scale of solution, that they are m 
longer within the limits of dyeing requirememts 
By the gradual addition of oxalic acid to a susjxm 
sion of this lake in v’atcr, the size of the aggregates 
is in some way gradually reduced, jms^'sing by stages 
of colour from black through brtiwn to an almosi 
golden colour, as the .proportion of oxalic acid is 
increased. * * 

As^ming that the lake in its more soluble state 
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pass('s through a corresponding •state of pseudo- 
solution^ we arrive at the followiiJg conclusions. 
Th^ aggregates in this state come into close enough 
relation with the hbre substance for de-solution 
to take place from whatever cause, be it surface 
attraction, or concentration, or mass attraction at 
shr);-t distance. At any rate, the solution state, 
whatever it be, is disturbed by the presence of the 
fibre, cUid thf- solution state is degraded with the 
precipitaaon of the lake in the substance of the 
hbre. Alizarine lakes in the “ one bath ” method 
of dyeing also seem to act in the same way. 

In'or’ the above iheoLetical considerations, it 
would also be expected that, if the molecular pro- 
portion of oxalic acid be increased, a point will 
uitimately arrive when from one cause or the other 
a decreased de-solution effect will be produced. 
This actually occurs in practice. 

It would follow also that at this stage a further 
addition of lake, ora reduction in the amount of free 
acid, would increase the size of the dye aggregates, 
and cause a reversal of the action. This is also 
a'^tually observed. 

The colour-effect in the solution is also completely 
reversible, and runs parallel with the dyeing results. 

Under ctr^tain conditions silk and wool fibres 
arc capable 8f attracting from* aqueous suspension 
certain insoluble ^aj:nines (Pokorng, Bull. ^oc. Ind. 
Mulh. 1893, 282), if they are in a state of fine 
divisioj .• 

Naphthyl amine, if dissolved in a small qflantity 

17 
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of alcohol, and poured into water, will impregnate 
wool in'twelve noiirs in the cold. 

The fixing is said to be entirely mechanical, and 
the amine is easily removed by water. 

These results have been confirmed by P. Werner 
(f&/V/.),and further experiments show that the result 
is directly influenced by the proportion of ‘alcohol 
to water. As the alcohol increase's from 5 to 30 
per cent, the absorption increases. Beyond this 
a rc'verse action sets in on similar lines to tint of 
the logwood-iron-lake solution, and with essentially 
different substances he obtained the same effect. 
As the alcohol increases so does tlie solubility.' Tp 
to a cktain point this leads to increased dyeing 
effect. Beyond this, the action of the alcohol on the 
hydrat(‘d fibre state, and the decreased size of the 
aggregates, tell against absorption. 

The action of a more efficient solvent (alcohol) 
on dyes in fibres is to reduce the size of the aggre- 
gates. Under these^circumstanccs the dye. or part 
of it, may leave the fibre. This is noticed in many 
cases, and it tends to indicate that such dyeing 
actions in mixed solvents is more due to the solution 
state than to the fibre state, but a great deal more 
work will have to be done on this subject before 
it will be possible to apportion to each action its 
qualifying effect, ® Z' 

Tlie action played by water^ is still obscure. 
It may be that it is indicated by the statement 
made by Pokorng* that while pure alcohol will not 
extract some dyes from the fibre, yet 95 per cent. 
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alcohol will do so. {See page 167.^ This may indi- 
cate that the pure alcohol cannot enter the fibre, 
and that a semi-hydrated sljate is necessary before 
the colour* ( an be extracted. Otherwise some more 
complicated and unknown action is invoh ed. 

Experimental evidence as to the relative solu- 
bili|\;df dyes in mixtures of alcohol and water, 
both in the oresence, and absence, of a fibre substance 
are wanting. * Als#) there is no evidence available 
to show vv^hether the fibre absorbs more water than 
alcohol from inixt”.res of the same. Both these 
points will be made the subject of investigation. 

It i ; possible* tl.ajt t*lie dye aggregrtes are 
associated with solvent mohx'ules, in fact, are doubly 
complex in this way. The same applies to ^the 
fibre. If we have molecular migration, the aggre- 
gates may even join up loosely with the fibre aggre- 
gates, and in this way the fibre and dye be held 
t(jgether by some such secondary attraction. 

The third case given as evidence in favour of 
these theoretical conclusions is taken from some 
wc^’k done by Binz and Bing (Zeit. /. ifugcw. Chem. 
25, 1902), on the relative action of salts on the dyeing 
ot wool with indigo, in cases where the alkalinity 
o‘ the bath varies. 

The addition of neutral salts, such as Cilauber’s 
salt, sodium ciiloride, &c., docs not intensify the^ 
shade so long as tSe^alkali is only present insufficient 
quantity^ to dissolve the indigo white. In the pre- 
sence Oi •excess of alkali, the addition of neutral 
salts has an intensifying action, and as a result. 
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darker shades are produced on the fibre. The 
presence of 18 per cent. NaCl, for instance, doubles 
the amount of indigo absorbed by the fibre. ' 

In the presence of a large excess of alkali, this 
increased dyeing effect on the addition of salts is 
not nearly so pronounced. 

It is not difficult to see that here, also, we niay 
find an exj)lanation of the effect of these substances 
in the presence of excess of alkali; when the state 
of solution is of a more perfect nature, it 
might be expected that the action of salts would 
be correspondingly reduced, and this would natur- 
ally effect the dyeing result. It must always be 
remembered that the fibre state may also be pro- 
foundly modified by the ])resence of these substa^ices 
in solution. 

So that, as is pointed out, by a careful adjust- 
ment of the excess of alkali to that of the salt, a 
satisfactory state of the fibre, or one of maximum 
absorption, may be obtained, and the best dyeing 
effect be produced. 

This is the condition which would naturally be 
aimed at by the practical dyer, from the j)oint of 
view of economy. 

It is of great importance to note that the alkali 
is evidently not fixed on the fibre in any way, and 
it is only necessary to take account of the fixation 
of the indigo white. V. Georgievics (Der Indigo^ 
i8c)2, 55) has shown that it is only the latter which 
is fixed, the alkali remaining in the solution. The 
results obtained by Keechlin as a result of a study 
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of the absorptive power of cottbn for tannic acid 
are of interest from this poini of view. It is known 
that tannic acid giyes pseudo-solutions. 

Experimenting with different strengths of solution 
abnormal results were obtained. 

The pc/mt of maximum absorption seemed to 
coincide .with a concentration of .2 per cent. 
Beyond this reversal seemed to set in, for a cotton 
saturated in a .5 per cent, solution still absorbed 
tannic acid in a .2 per cent, solution. The 
state of aggregation, or else the mutual attraction 
of the tannic acid for the cotton iibrc, is altered 
subsequently in a vo^per cent, solution, ^'or in this 
the cotton just begins to lose tannic acid. 

If figures could be obtained showing the relative 
action of cotton and mercerised cotton with regard 
to this reversal, the results would be of interest. In 
some such way as this it might be possible to indicate 
whether the action was due to the fact that the 
latter is in a more highly colloidal state, or whether 
the additional hydroxyl groups play a part in the 
a:tion. A further study of this subject is contem- 
plated. 

It has already been noticed that the addition of 
acetic acid to the tannic acid solution greatly in- 
creases the proportion of the latter acid absorbed 
by the fibre.* Apart from the value of this observa- 
tion from the p^-actical point of view, i^s possible 
influence on our knowledge of ^dyeing is obvious. 
The action is as difficult to explain in this case 
as in the case of, silk or wool dyeing with sulphonic 
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acids, or rarboxyl' dyes in the presence of stronger 
acids. 

Surface ('oncc'iitration also, as the writer has 
point(‘d out, must play an important pa'rt in any 
th(‘ory of dyeing. 

If the action of dyeing were purely chemical in 
its nature, this concentrating efh'ct would have an 
im[)ortant bearing on the ni/e of dyeing, but from 
th(‘ point of view* ol ps(‘udo-sohilion it occupies a 
still more important position. 

Assuming that dyeing is an action which is 
inde])imdc‘iil of any actual attraction between the 
fibre substanc(' and the dye, it is very dilhcult to 
sec' how th(‘ fibre can attract th(‘ dye, or hold it. 

It is this dilhculty which madcAVoss and Bevan 
(J.SX'.I. iP). g,54) accuse (). Weber of assuming 
a oiu‘-sided piuietrability lor tlie dye substance. 
That is to say, that the dye would diffusi* into, the 
hbre,but would not diifuse out again. If, however, 
one realises the j)Ossibility of this concentrating 
action at surfaces, the matter at once assumes a 
different aspect. 

J. J. Thomson {A[yp. of Dynamics to Pliys. and 
Clicm., p. 251) pointed out that the most stable 
arrangement of any solution will be accompanied 
by minimal surface energy. T'he result of this 
action is distinctly seen in practice. There is a 
tendency with most salts to concenlratc' at surfaces, 
and for a similar reason, and t(j a correspondingly 
greater extent, in capillary tubes. 

For instance, in the case of graphite or meer- 
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schaiim, this concentration in the^ase of potassium 
sulphate is nenrly 25 per cent. • • 

It* ,vill be seen that the influence of this 
action in flvein^ mav be a profound one, for witli 
the additional concentration of the pseudo-solution 
of t1n‘ dy^ \ve shall have a rearrangement of the 
ag{^r jgutes. i lie size of these will correspondingly 
increase within the cajiillary spaces of the fibre 
subslaiv'e owing to this action. 

The I'Te of diffusion will correspondingly de- 
crease, and wa" shall arrive at a stati* w'liere the 
osmotic action is greatly in excess of the exos- 
motic one. This can produce but one effect, viz., a 
concentration of the dye substance in the lilU'e arc'a, 
and a state of “one-sided penetrability” is arrived 
at. When it is also recognised that tlu' salts* wall 
also concentrali' about and in the libre area, it is 
easy to n^alise the possible result of this general 
action. 

The (‘fleet of the concentration of the assistant 
and its influence on the state of aggregation 
may, it is held, be seen in the dyeing of silk 
with ordinary acid colours. If the dyed silk be 
introduced info w^ater, some of the dye is n^adily 
removed. With the decrease in the concemtra- 
tion ()f the acid the aggregates may decrease in 
size, and l^c partly removell, or tend to re- 
enter the dye st)lution. This action is, therefore, 
a reversible one. * 

As a result, therefore, of this concentration 
effect, it is obvious that the dye may be degraded 
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in the scale of Goliibility ; that it may actually 
l^ecome insoluble. 

In the case of dyeing with logwood lake by the 
^‘on(‘ bath” method, the fact that the colour of the 
silk fibre is not black, but dark brown, until the 
skinn is finally washed in w^ater, indicates that 
th(‘ dye state is one of degradation, rathe! t[ian 
('om])l('te dissociation from the solution state during 
the time of dyc'ing. 

In this case it is probable that the concentration 
of oxalic acid in the fibre area is small as compared 
with that of the dye-stuff. If this were found not 
to be the case it might indicate that some sc'coridary 
at tract ton between the dye and fibre substances 
comes into play, and to that ('xt(‘nt accounts for 
tlu' ' dis])lacenu'nt of the equilibrium of the dye 
solution within the fibre area. 

The intc'iisityof this surface concentration varies 
with different acids and salts. An (‘laborate series 
of ex})eriments w^as conducted by (jore on this 
subject Nat, Hist, and Phil. Sac. IX. i, 

i 8()3). The effect is directly dej^endent on the 
area of the surface. For instance, if a dilute solu- 
tion of acetic acid be filtered through fine white 
sand, nothing but pure water will percolate through, 
the whole of the acetic acid being kept back by 
this action. 

' The following results chosen^ at random from 
a very full list in the original paper will illustrate 
the relative action of substances. Ten per cent, 
solutions were used in each case. 
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HCl lost 

2.88 per cent. 

Tartaric aciM lost 

1.42 y 

HI 

i.o 

Citric acid ,• 

nil 

HN(), 


CaCl., 


H(_ 10 ,„ 

4-4 „ . 

NaCL 

2.77 


We liave therefore, a physical reason for the 
concentratio]. of substances in solution at surfaces, 
ant* Ov' in'nc*ic*j of this action cannot be neglected. 

\{ nair be st‘en that this is still more evident 
when it iS ik ficed that this tendency to concentrate 
IF sti . ngv*r in the case of substance^, in a state of 
pseudo-solution, than with salts which are more 
soluble. 

In th(‘ case of substanc(‘s of high molecular 
weight tiiesci surfact concentrations may l/i so in- 
tensili(*(/ by mechanical movement that the sub- 
stances may hc‘ap uj) and form visible films of s»3lid, 
or very viscous matter (Ramsdeii, Proc. Roy. Soc. 

The size of the aggregates undoubtedly affects 
the general result. For instance. Gore found that 
the following substances gave positive, or negative 
surface attraction results, as indicated. It will be 
seen that substances in suspemsion give abnormal 
results. 

Picric lu id in solution . 

^ ,, in susjicnsion 

Salic\li‘"^acid in solution 
,, 111 suspension 
Methyl oran^^^ ^ . 

Oranp^e G. * . 

It ml^T'be that the molecules of soluble substances 
like, say, sodium chloride “salt out” dyes b^f means 


No lesult 
Result 
No n'siilt 
Result 



266 CHEMISTRY AND PHYSICS O? DYEING 

of tho greater attraction between the solutioil and 
solute n\olecules in the case of more perfect solutions. 
In the. case where these colloid substances are Separ- 
ated by the above mechanical means, they arc not 
always resoluble in the solution.- They arc some- 
times even insoluble. The action of aggregation 
is non-reversible under these conditip^is. , * 

These separated films vary greatly in their 
physical properties. They may be’ membranes, 
membrano-fibrous, or fibrous as the case may be; 
or they may even consist of particles lying side by 
side. 

The special surface viscosity which accompanies 
these separations, and which is indicale^l by a 
resistance to “ shear,” develops at very different 
rates. 

These conccmtrations also occur at the inter- 
surfaces of two solutions, and give rise to distinct 
surface tension phenomena at the junction of 
aqueous colloid solutions of different concentrations 
(Quincke, Dvndcs Ann. lo, 478). 

In this action, coupled with the above laws of 
aggregation, and possibly, molecular migration, we 
have an explanation which will satisfy the dyeing 
conditions in a great many cases such as the '' one 
bath ” method, indigo and “ sulphide ” dyeing, 
the dyeing of direct colours on cotton/&Q,, without 
bringing ip any complication due ,td' chemical action. 
Dr. W. H. Perkin, senr., has pointed out (J .S.C.L 
1905, p. 235), that the surface character "of silk, 
wool ahd cotton respectively can be shown to pro- 
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duce different results under the following conditions. 
A skein of cotton was worked for some tim*e in an 
emulsihii of olive oil and carbonate of potash, such 
as was used by Turkey-red dyers. On wringing it 
out afterwards, nothing but ])ure water left the 
skein ; the cotton was practically free from oil. 

Ou VepQating this experiment with a silk skein 
the water was still nearly pure, but the silk retained 
a large amount of oil. 

By substituting a wool skein for silk, and after 
rinsing the skein in water, the oil ran from the wool 
in cjuantity on wringing. 

Tliese experiments ^ are of interest. The oil 
particles., or aggregates are of course much larger 
than in any case of pseudo-solution met with in 
dyeing, but the results produced show the very 
different nature of the absorption of such substances 
by tj^iesc three ty})ical fibres, and also indicate that 
the absorption which may, in this case, be taken 
to be of a physical nature, is very pronounced. 

Dr. Perkin states also that the behaviour of these 
different fibres in relation to the oil corresponds 
closely to their dyeing power. This would not, 
however, seem to be a universal rule, especially 
with the direct colours, yet the phenomena recorded 
are certainly suggestive in their nature. 

Some ex])criments of Chabrie {Comptes Rend. 
115, 57) roughly indicate the limit at which, it might 
be expected that concentration might take place 
in the li'bre area. Experimenting with capillary 
tubes of a diameter of .07 mm., interesting •results 



268 CHEMISTRY AND PHYSICS OE DYEING 


were obtained; bn passing a solution of albumin 
slowly ' through such a tube a separation takes 
place, and only pure , water passes through/ The 
albumin is concentrated in the tube fo such an 
extent that ultimately all How is stopped. This 
would, in a case of dyeing, indicate the ultimate 
absorption point, or the dyeing limit, and the. size 
of the inter-spaces in different fibres, and of the 
same fibre in ejifferent states of hydration, would of 
course greatly modify the action. The influence of 
this action is, therefore, evident, and will have a 
definite bearing on the best condition of the fibre 
substance for dyeing purposes, the object being to 
bring the greatest possible number of fibre molecules 
in contact with the dye aggregates without ultimate 
damage to the fibre itself by disintegration. A 
good example of this action is seen in the in- 
creased action of dyes on powdered wool cinder 
standard conditions. 

In the cotton fibre, when the cellulose which has 
once b: cn dried is not easily rehydrated, the aid of 
hydrating substances is necessary to obtain the best 
effect. Mercerising increases the powei of the fibre 
in this direction. The mass action of a fibre will 
depend on its original construction modified by its 
capability of entering the hydrogel condition in the 
jDresence of water. /‘ • 

Extended treatment with walfer itself will, to 
a certain extent, take the place of the action of 
reagents in inducing this state. Continued boiling 
in watt^r will induce this state in the cotton fibre. 
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SO that its attraction for certain dyes is materially 
increased (Hiibner and Pope). ’ * * 

Thv bleeding of direct dyes on cotton indicates . 
that the dye is loosely held/ in fact, very much in 
the way it might b^ expected if the dye were precipi- 
tated, or lifdd by de-solution, and subject to re- 
solution, either by molecular migration, or otherwise. 

The experiments on the influence of temperature 
on the ultimate dye. state of the fibre, made by Brown 
indicate some such action as the above. 

\Mien the solubility of a dye increases with 
temperature, we may assume that, in the case 
ol tiie direct dyes, which give pseudo -solutions 
(Schultz), the aggregates are correspondingly smaller 
at higher temperatures. Keeping this in mind, let 
us (‘xamine the results obtained with Kalle’s Dfrect 
Y(dlow (j. The amount of dye absorbed by silk, 
wool, or cotton increases up to 80° C. Beyond this 
point the curves for silk and cotton turn one w^ay, 
and that for wool the other. 

In the case of a fibre which gives increased 
absorption beyofid this point, we must either have 
a more or less sudden change in the fibre state, or 
else the decrease in the size of the dye aggregates 
will allow of their more rapid diffusion into the fibre 
area.* 

In the (fuse where a decreased absorption is 
recorded, the in#:rease in dye absorption may b« 
due to the aggregates becoming too small to be 
degradt'd in the fibre substaned under the altered 
conditions. Such a case, where the absorption of a 
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colour by silk and wobl becomes greater in the one 
case^ afi 3 deert^ases in the other^ docs not support 
.a theory of dyeing which assumes a compion* cause 
of attraction (tyrosine*) in these two fibres. The 
action may be complicated by changes in the fibre 
state, and it is necessary to consider the possibility 
of dissociation effects. ^ « 

The writer has for some time sought an explana- 
tion of the abnormal fastness of .Night Blue on silk 
fibres against the action of boiling soa]> solution, 
in light shades. In darker colours the fastness is 
not anything like so pronounced. Up to a certain 
shade the dye will withstand a treatment extefuliiig 
o\a'r half an hour. It would seem that here we 
have a cas(^ of d3/eing, wheie the d^^e is held in two 
ways. The first portion is either in a very degraded 
state of solution, or else it is held by direct attraction 
or affinity. 

This may be one of the cases in which dyeing 
is in one stage a process of chemical action. 
I'aking everything into account, the writer suggests 
that the natural order of the phenomena which 
take place in dyeing is something of the following 
nature, depending on the factors ; 

(1) A solution state of the dye, within certain 

limits of aggregation, determined by the latvs of 
size. • • 

(2) A fibre state corresponding^^to this state of 
aggregation, and of a permeable nature. 

(3) Effective localisation of the dy(^ wifhin the 
fibre ai'i'a, due to surface concentration phenomena. 
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(4) Localisation of any salts, acids, &c._, within 

the fibre area. * * 

(5) . The indirect entrance of the dye aggregate* 
by niolccnJar migration, with subsequent reforma- 
tion of an even inore complex nature within the 
fibre area, under conditions mentioned under (4). 

^6) '-De-solulion, due to secondary attraction 
between the fibre substance and the dye, or by 
reduced surfa«?c energy ]ih(‘nomena,.or concentration 
ehects. 

(7) In some cases, primary or chemical action 
may play some part at this stage. This may, even in 
some cases, take the ])lace of de-solution jilienomena. 

(8) In the case cf basic dyes, dissociation* effects 
may Icacl to the isolation of very basic salts in a 
state of high aggregation within the fibre area. * 

\V(i ha\’e seen that barium chloride and other 
salts undergo decomposition in the pri'sence of 
coboids, like arsenious sulphide. It is, therefore, 
not to be wondered at if actual decomposition 
of the basic hydrochlorides takes place within 
the fibre area. It is known that these dyes suffer 
decomposition of a partial nature, at any rate, by 
capillary action. It is also well known that the 
basic dyes become very insoluble when, by losing 
part*'(5f their hydrochloric acid, they become basic 
salts. 

It is not difficult to indicate a state of affair* 
which would offci* a satisfactory exidanatioii of tlie 
fixing of. these dyes in animal I'bres, or degraded 
hydrogels, or even in the pores of such a com- 
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paratively inert * substance as porcelain, or china 
clay. “ ' 

It is difficult to imagine that the action of 
dyc'ing is a strictly (Chemical one. Fo^ instance, 
it is noticed that in mordanting cotton with tannic 
acid the best results are obtained by immersing the 
cotton in the boiling solution and allowing it -to cool. 
The mordanting takes place at the lower temperature. 
The solution of tannic acid will be of a more perfect 
nature at higher temperatures, and therefore the 
aggregates will be correspondingly smaller. They 
will increase in size as the solution cools, and there- 
fore become more readily fixed, especially if' they 
re-forn*. within the fibre area. This action is recorded 
by Hrown (J.S.D. and C. 1901, p. 94), and is an 
inteVesling one, which is comparable in many ways 
to the reduced dyeing effect noticed in certain cases, 
at temperatures above (So" C. 

The solvent action of alcohol, or benzene, on dyes 
which are already fixed on the fibre is an indication, 
})erhaps, that these dyes are chiefly held by de- 
volution rather than by any process of jH'imary, or 
chemical attraction. 

In the presence of a solvent of higher power the 
aggregates are correspondingly smaller. A new 
system is set up, and the dye, or part of it, ^leaves 
the fibre. There is no question here of* solid solution, 
but simply that of solution f()llowi,ng de-solution. 

The direct fixation of the dye may be due there- 
fore to three causes : a 

(i) ^De-solution, including dissociation effects. 



COLLOIDS IN DYEING AND LAKE FORMATION 273 

• 

(2) Pseudo or secondary actiom 

(3) Primary or chemical action. 

Those three phenomena may overlap each other,* 
there being no strict, or hard and fast division 
between them. 1^ is held that there is evidence to 
indicate, that all substances during precipitation 
pass tl'xi'ough tile pseudo solution state. 

An equilibrium between the relative attraction of 
the solution and solute molecules, .on the one hand, 
and the molecular attraction of the solute molecules 
for each other will be established in any system. 

In the case of very insoluble compounds the 
.solution attraction is unable to break down the 
aggregates of the solute beyond a certain poiAt. 

In some cases, and by certain means, an abnormal 
state of aggregation may be induced in the ca& of 
these very insoluble substances, and we then arrive 
at a condition which, as in the case of some metals, 
is regarded as the colloid state. Analogy would 
suggest that this state is equivalent to the state of 
supersaturation in the case of a crystalloid, or a gas. 

At this poiift in the case of a dye which 
is in a state of pseudo-solution, the only change 
which will take place will be due to molecular migra- 
tion owing to local influences; or to the tendency 
to up an ultimate state of equilibrium over 
the whole sfstfun. * 

Such is the dc-^ojution theory advanced to explaii^ 
the action of dyeing. The chief objection to it 
is, perhaps, that this action will be of too irregular 
a nature to explain the definite results olitained 
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in some cases, which" indicate that the ratio of 
absorption of certain dyes is in direct relation to 
the combining -weights of the dyes absorbed. ^ 

It has, however, bedn recently shown {sec p. 121) 
that the salts of calcium, strontium, barium and 
potassium are precipitated by colloids in the ratio 
of their chemical equivalents (J. Billitzerj Zeit. 
Phys. Client. 1903, 45, 307). 

The phenomena which present themselves in the 
presence of pseudo-solutions are sufficiently well 
marked to demand attention. 

The conditions of surface concentration have 
bec?n observed, and studied from a mathematical 
point view ; the experimental results recorded 
are beyond dispute. 

'Fhe fact that de-solution may take pdace in the 
piresence of a liberal surface has also been observed 
in the case of pseudo-solutions. 

The action of precipitating agents on colloids 
is a definite- one, as shown by the replacement of 
one metal by another, under the laws of mass action, 
as recorded by Linder and Pictoff, and the addi- 
tional statement made by Billitzer, that tlie different 
metals are originally p^recipdtated in the ratio of 
their chemical equivalents, when thi-y are carried 
down by the degraded colloids. These precipitating 
actions are clearly’* definite, althougli they may 
hot be strictly chemical in their natpre. 

This pdienomenon of de-solution is, it is held, seen 
in the remarkable' result obtained by Hallett on 
dissolvmg the colour off dyed yarn. 
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When dark shades of indigo* were stripped in 
this way, the dye extracted by the solvent was also 
thrown cut in the insoluble form as a precipitate! 
So that we have here a system where the one-bath 
method of dyeing may be seen reversed. Start- 
ing with th^ dye already fixed on the fibre, the 
coyditions^ of dyeing may, from this point of view, 
be so far realised, that a condition of equilibrium 
may be established in which the jndigo may be 
present on the fibre, in solution, and in the insoluble 
state as an actual precipitate. 

The suggestion I have made, that an arsenious 
sulpiiide solution mry be regarded as equivalent 
to an “ artificial iibre substance,'’ and that if we 
can have such an action with barium chloride, a 
similar action with a basic hydrochloride, or even a 
sulphuric acid salt is quite possible, has recently 
received confirmation (scr p. 278). W. Biltz [Chem. 
C:ntr. 19052, 524) has shown that if the ordinary 
dyeing process be represented by the formula 

Cn e 

C clyc liquor ’ 

where (' fibre is the concentration of dye-stuff in 
the dyed libn’, C dye liquor is that in the dye-bath, 
and tlie index n is greater than i (it is frequently 
founcf to be a whole number), then working with 
inorganic coJoids and a suitable dye-stuff, there 
is no (‘sscntial# difference between Him dyeing 
properties of coloured inorganic colloidal substances 
and organic dye-stuffs. 

The compara^ve experiments were conducted 
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with bfinzopuq^urfn on the one hand, and molyb- 
denum 'blue, and vanadium pentoxide on the 
otb.er. 

In both cases the composition of the coloured 
fibre aftcT dyeing, at a given temperature, depends 
on the conditions of the dyeing proc-ss, the con- 
centration of the dye-stuff, and the nature of Vhe 

salts added to the dye-bath. 

Furthermore, with the substitution of the hy 
drogel of alumina for the organic fibre the same 
relations hold. 

In the same; way some experiments made b) 
W.Biltz and P.Behre(jftuf.) with dialysed solutions o: 
Immedial sulphur dye-stuffs, which were free Iron 
alkaline sulphides, showed that these dyes wen 
“coagulated” (or salted out) by electrolytes, and tha 
the coagulating pow(;r of these substances increase! 
with the valency of the cathion. This saTue effeci 
it will be remembered, is noticed in the coagulatm 
experiments with arsenious sulphide solutions. 

Again, in the case of these dyes similar absory 
tion results were obtained when the hydrogels f 
alumina, zirconium dioxide, ferric oxide, and stanni 
oxide were substituted for textile fibres. 

In this way the experimental results have show 
that in the cases under consideration theie seen 
to be a direct relation between the oiyemg of tl 
fibre, anc} that of inorganic hydrogds. 

It is interesting to note that in the original woi 
on the subject of tlic absorption of inorganic collon 
bv fibitis (Biltz, Chem. Centr. 1904, i, 1039), tl 
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absorption is also increased ^by tfie addition of salt 
to the solution. 

The general conclusions arrived at were that, 
by comirarison, the solutions of the organic dye- 
stuffs were subject to more complete exhaustion 
than those pf the inorganic colloids, and that the 
si\ades j)roduccd are faster against washing, and 
rubbing. The addition of electrolytes to the solu- 
tion led to* mose complete absorption in both 
cases. Increasing the temperature of the dye-bath 
also has the same general effect. 

Weighted silk had an increased affinity for 
inorganic and orgiiiiic •colloids. The absori:>tion 
was retarded by che presc^nce of “ proteci:ive col- 
loids ” in both cases. 

A direct comparison between the dyeing iction 
of molybdenum blue, vanadium pentoxide, ruthenium 
oxychloride, and silver, with benzopurpurin also 
iiidicated that they were of the same order when 
dyed on silk and cotton. The concentration, con- 
dition, and additions to the dye liquor affected the 
results {Bcr. 1905, 2963). 

The hydrogel alumina absorbed methylene blue, 
colloidal silver, and benzopiirimrin ; the fibre being 
rcqilaced by this inorganic hydrogel without the 
absorption effect being eiltered. 

In the ^'ise of the sulphuf dyes colloidal solu- 
tions were pr(#p^ired by dialysing solutions 
ten to ^fourteen clays. Cotton, aluminium hydrate, 
ferric hydrate, and oxide of tin, absorbed the dyes 
from these solutions (Ber. 1905, 2973). 
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Certain absorption results may take place with 
inorganic colloids, which have been long recognised 
in the preparation of lakes. The absorptitm seems 
to be of the same order as that which occurs in the 
dyeing of silk, or cotton with certain colours. 

If the inorganic colloids are in Che hydrosol 
state they may be absorbed by fibres or^^ inofg/ibic 
colloids. They may even be carried down by 
barium sulphate. 

If the inorganic colloids are in the hydrogel 
state, they may absorb dyes in the same way as 
fibres. 

Quite recently Linder'* and Picton, returning 
to this subject (Trans. Client. Soc. 1905, 1930), show 
that ferric hydroxide is coagulated by a solution 
of vSoluble Blue, C.;^Hoj^N.5(vSC).jNa).{, or Nicholson's 
blue (C.37H.,yNo,.SO.>Na) in the same way as it is 
by ammonium sulphate. ^ 

At a certain critical point a red coagulum 
separates which contains all the iron and the sul- 
phonic acid, an equivalent amount of sodium 
chloride remaining in solution. 

After extraction with alcohol a red precipitate 
remains, which is decomposed by dilute sulphuric 
acid, or salt solution. The hydrox5'-d5^e-snlphonate 
is decomposed. The solution takes a deep blue 
colour. 

- With Methyl Violet, C3,Hiy(CiI,)rN,.HCl, no 
coagulation takes place. Chlorides' only coagulate 
ferric hydroxide in highly concentrated solutions. 

With*(? arsenious sulphide the order is reversed. * 
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With Methyl Violet a hydrosfilphide derivative 
is precipitated and hydrochloric acid remains in 
solution. • Aniline Blue has no such power, but 
sodium splits only coagulate arsenious sulphide in 
highly concentrated solutions. Hofmann’s Violet 
or Magenta acts in the same way. 

• Tnese.dye salts continue to take up the dye 
with avidity to an extent equal to four or five times 
the amount n'quired to coagulate the hydroxide. 

No divomposition takes place here ; the dye 
is absorb(‘d as a whofi*, not as a sulphonic acid. 

Similar results va^ e obtained with Methyl Violet 
and arsenious sulphiche *Th(‘se absorption results 
are confined to the class of dye originally talcen up. 
The action here is therefore of a different nature 
from that by which basic dyes are held by a direct 
dye already present in a fibre. 

Jt will be remembered that similar absorption 
results were obtained with tannic acid lakes. 

The evidence here is, tluTefore, that the original 
action by which the two hvdrosols are coagulated 
is of a chcunical nature. This practically exhausts 
itself before the colour absorption stage commences ; 
and this is of a ])hysical rather than of a chemical 
character , in the case of the mutual attraction be- 
tween the dye and the coagulinn. These results led 
Linder anfl* Picton to su])port the writer’s de- 
solution theory ir?^ her than Witt’s hypothesis ctf 
solid ‘valution. ’They further consider that the 
action flself is of an electrical character depending 
on the properties of the reacting units, bf reason 
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of which two oppositely charged hydrosols in strong 
aqueous solution seem to be mutual coagulants. 

’ The fibre substance is of course already present 
in the insoluble state, and when in a‘ hydrated 
condition may possibly be taken as equivalent to 
the coagula of tlie above experiments. 

It must not be taken for granted in the present 
state of our knowledge that the dyes are always 
precipitated in the fibre by direct attraction. To 
do this it would be necessary to ignore the phenomena 
of surface concentration, which is particularly 
marked in the case of pseudo-solutions. This may, 
of course, be an electrical plienomenon. It will be 
realised that the inlluence of these general actions 
in the case of colloids cannot fail to be of value to 
the dyer in the art of dyeing and printing. These 
reactions also explain much that is obscure in the 
formation of lakes within the fibres, as in the case 
of alizarine colours ; or in their direct ])roduction for 
industrial purposes. 

They may equally modify our ideas on tanning, 
and the manufacture of leather. 



CHAPTER XI 

THE ACTION OF LIGHT ON DYEING OPERATIONS, 
AND DYED FABRICS • 

There seems to evidence that the presence of 
lif'ht may materially alter the dyeing results 
obtained in some cases.’ The action of light in 
causing, the fading of dyes present on the Abres is 
also a very important one to the dyer. 

The action of light on organic compounefs in 
general is but little understood. Our knowledge of 
this, subject is incomplete, but it is already clear 
that the further study of it will bring forward 
many interesting facts for the consideration of the 
dj^er. The list of substances which may be altered 
by the direct action of light under certain conditions 
is an extensive one. This has long been known 
to those specially interested in this subject from 
a light recording, or photographic point of view. 

flTo action of light has been divided into two 
classes, vizr, iTioto-chemical and Photo-physical. 

The division |is. perhaps an arbitrary .one, buf 
in the first case it is assumed that a direct action 
takes jiXfce which involves re-arrangement in the 
moifcule itself. In the second* case, the aetion is 
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said to be equivalent to, say, the polymerisation 
of formaldehyde. 

Marckwald, in attempting to explain -the action 
which takes place in cases where the alteration 
is followed by a reverse action in the dark, 
considers that the actions which take, place in this 
case are not to be explained by eitlu^r of these 
causes. To the above classes he therefore adds a 
third, and suggests that this special reversible action 
shall be termed photo-tropical. Examples of this 
art' seen wh(‘n light acts as (piinoquinoline, or 
tetrachlor-/l-ketonaphthalene. 

In comparing the action of light on organic 
compounds we can either estimate the change which 
tak('s place in colour, or in the absence of this, 
by some direct chemical change which is brought 
about by the action itself. The latter method is 
of course of a more direct and satisfactory ngture 
than the foriiuT, in most cases, altliough variations 
in colour are valuable indications that some change 
is in progress. 

As an introduction to the study of this subject 
the following researches on the general action of 
light on organic substances are of interest. They 
indicate the jiossible nature of these reactions in the 
case of dyes. 

For example, Ciamician and vSilber have con- 
clusively shown that this action may give rise to 
chemical change. Benzophenone dissolved in alco- 
hol is ri'duced to benzpinacone and dldehyde. 
Under the same intluence the aromatic orthoriitrd- 
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benzaldehyde is transformed info ^nitrosobenzoic 
acid. The action is indicated as follows : 




Clio 

NO, 


C..11. 


-COOH 


Here we |iave an action which leads to the 
intejnal re-arrangement of the molecule rather 
than to decomposition. 

Sachs and* Kempf {Bcr. 1902, ' 2707) have also 
shown th.it a similar chang(‘ takes place with the 
aniline compound of orthonitrobenzaldehyde. As 
a result of the action nitrobenzanilide is produced 
as lohbws : 




CH;NCH ('O.NH.Cdi-, 

NO, ■ ^ ' NO 


The conclusioji arrived at is that all aromatic 
comj^ounds containing nitro groups in tln^ ortho 
position are sensitive to light. 

From a general point of view this is of interest, 
the action of the light being sufficient to induce 
intia-molecular cJliange or migration when the side 
groups are in close proximity (the ortho position). 
The mordanting power of ortho-hydroxy compounds 
probably dt9:)ends in the same way on the proximity 

and tdtnbincd action of the |__q groups, as has 
been noticed •‘Isewhere. 

When the ac^|ioj;i of light is accompe^nied b\^* 
colour cji^ge, as It is in many cases, the actions 
of thi.s e?uss are classified under the term chromo- 
‘ This phenomenon is* very clearlj •shown 
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by the various'* substitution- products of buta- 
dienedi carboxylic acid; for instance of 

H.C C - CO. 

I >0 

nf c - €()/ 

These compounds are all coloured. They are red, 

brown, violet, or yellow, as the case may be ^ 

These compounds undergo more or less rapid 

change under the influence of light. "The ultimate 
*1 

effect of this change varies in its nature ; it is some- 
times permanent and .sometimes temporary. 

The triphenyl derivative, when exposed to the 
direct action of sunlight for a few minutes, changes 
its colour to blood -red. Its original colour is, 
however, slowly recovered in the dark. 

^f, however, the first exposure is greatly pro- 
longed, and extends for .several days, or even months, 
the change is of too profound a nature for any subse- 
quent reversal of the action, with regeneration of 
the original form, to take place. 

In this case the final products of the action 
seem to be two white aldehydes, with different 
melting-points, but with the same composition, and 
molecular weight as the original substance. 

The yellow diphenyl derivative yields three 
distinct and colourless aldehydes with different 
melting-points. 

' It is not to be supposed, Ir^wever, that the 
products of the action of light are always colourless. 
The dark red piper onyl derivative yields k wo new 
aldehydes, which pos’sess great tinctorial properties. 
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These results indicate that ♦our * present view of 
chroinophores must be widened (Stobbe,® C/zm. 
Zeit. 1004^ 919). 

The conversion cff anthracene into dianthracene 
under the influence of light is a reversible one. The 
exacl conditions of this change have been 'examined 
byWeigcrt Zcit. 1904, 923), and Luther and 

Weigert Phys. Clicm. 1905, 53,385), who have 

found that under definite conditions, and with dilute 
solutions t rue equilibria are established. The source 
of light in the case of these expcTiments was the elec- 
tric arc. As a result of this investigation it was found 
tlfdt fhe amount of dianthrecene formed depended on ; 

(1) The character of the light. » 

(2) The change is proportional to the light 
intensity, and the surface exposed, or to the radius 
of the cylindrical vessels used. 

(3) The action is independent of the thickness 
of ^lie layer through which the light passes. 

(4) The action is 'inversely proportional to the 
volume of the solution, and independent of the 
amount of anthracene in solution. 

Both the temperature and the nature of the 
solvent have an influence on the result, and are 
important factors in determining the equilibrium. 

As 4 s well known, the leuco bases of many organic 
substances aiie readily oxidisable. Others are rela- 
tively stable. The action of light seems to influence^ 
these resuhs. lAt^iese substances are embedded 
in cohorim their sensitiveness is* greatly increased. 

51 iis is said to be due to*t 4 ie combined, nitric 
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acid affording an additional supply of oxygen under 
the influence of light. The fact has been noticed 
also that an addition of quinoline to the collodion 
greatly increases the i sensitiveness to light. We 
have here, therefore, a second, or foreign, substance 
inlluencing the reaction (Konig. CJicm. Zcit. 1904, 
9 ^^)- 

In thcst‘ actions it has been noticed that the 
greatest effect is produced by copiplementary light. 
This result seems to be a general one, as noticed 
later on. 

A very decided colour-changt* which is brought 
about only in the prescawe of a third substance, 
which rtiappens in this case to be a textile fibre, 
is seen in the following instance. When cotton 
yarn is padded with a 5 per cent, solution of meta- 
tungstate of soda, and exposed to light, a rapid 
change takes ])lac(‘ with the production of a blue 
colour. This is evidently due to the reduction of 
the salt. The action is seemingly a reversible one, 
for if the yarn is subsequently stored in a dark 
place, the blue shade is discharged. 

If tlie blue fabric, or yarn be immersed in water, 
the coloured compound is removed from tlu‘ fibre. 
In this state, and away from the iniluence of the 
fibre substance it gradually resumes its colomless 
form, even under the influi^nce of strong light. 
It would seem, therefore, that the presence of the 
fibre substance is the modifying fact'^r in this 
reaction. ^ 

Tugiing to the action of dyes themselves mide’* 
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the disturbing action of light, the following facts 
have been noticed. The constitution of the dye 
has a.grei^t influence on the ‘‘ fastness” of the dye 
against light. An 'elaborate, series of direct trials 
have been made by Brownalie {J S.D. and C. 1902, 
296) and as a result the following tabulated con- 
clu'^ioni’i have b^en arrived at. 

(1) The diphenyl base plays little, or no part in 
the action. 

(2) Colours d(‘rived from })henol,‘ or its homo- 
logues,*and tiieir sulphonic, or carboxylic acids are 
fast to light. 

{yj (V)lours derivc'd from hydroxybenzciies and 
homologues containing' more than one hydroxyl 
group are fugitive. 

(.4) Colours derived from the amines of -the 
benz(‘ne series, and their sulphonic acids, or car- 
boxylic acids are fugitive. 

(5) Colours derived from alpha and beta naph- 
thols, and their sulphonic acids are not fast to light. 

(6) Colours from alpha and betanaphthylamines, 
and their sulphoiuc acids are fugitive. 

(7) Those from amide naphthols, and their sul- 
phonic acids vary. The 2.6.8 monosulphonic acid, 
and the 2. 3.6. 8 disulphonic acids are fast. The 
I.8.3-6* and T.8.2.4 acids are fugitive colours. 

(8) The CtJoi'rs from the dihydrox3maphthalenes, 
and their sulphonic acids agree closely with the^ 
corresponc^g amidonaphthols. 

(9) l;^lacing amido by hydr^x\T groups results 
Ul^iT>'^reased fastness. 
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(lo) The salt-forming groups SO3H and CO. OH 
cause iid difference in fastness. The auxochromic 
NHo and OH’ groups play important parts in the 
action. 

In the case of mixed colours the same rules arc 
followed. If the two separate constituents are fast, 
so is the dye. This is very well seen in the ^ase of 
the direct colour Diamine Fast Red F, 'the com- 
position of which is 

^ Salirylic acid 
(nzuiiu- 

If, on the other hand, both are loose, the dyejtsfdf 
will be an unsatisfactory oik; in this respect. Delta- 
purpurine 5K is given as an example. 

p ^ naplilhylaininesuI})honic acid 2.6 

)(,nzK me napldhylamincsulphonic acid 2.7 

In mixed dy(*s, that is to say, where one of the 
constituents is fast and the oth(T loose, the dye 
generally stands midway between the two in the 
scale of fastness, but there are many exceptions to 
this rule. 

Three theories have been put forv^'ard to explain 
the cause of this action. I'hey are of an indirect 
nature, and may be briefly summarised as follows : 

(i) The oxygen theory . — The dyes under ''the 
influence of light interact with oxygen, and form 
yolouiless compounds. 

BertHbllct in 1792 came to the conohision that 
oxygen combined with the colours aud m, de them 
pale. 
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The colour at the end of the exposure is, from 
this point of view, proportional to The rt?&4stance 
to thif action. • 

(2) Tha ozone tJuory . — The colours are decom- 
posed or altered ^by the production of ozone (or 
hydrogen peroxide) in the fibre, chiefly by evaporation 
o*fi^*oifetur(\ 

(3) Ri\{iition theory —The dye is reduced by 
cotton fibre, cx' dir(;ctly by the action of light. 

Exper’m'^'iits conducted in llie presence of oxi- 
dising -agents have given conflicting results. The 
presence of sodium hydrosulphite solution also gives 
vaVy ilig results. 

Whatever be the cTuse of the results obtained 
in t\v^ presence of oxidising, or reducing reagents, it 
is important to note that dyed fabrics always show 
an increased fastness against the action of light in 
vacuo. This effect is very marked. 

jfimilar experiments with sensitive organic com- 
pounds are wanting. They should be of equal 
interest. 

A typical example of this action may be seen 
when cotton d^^edwith Diamine Sky Blue B is placed 
in long glass tubes, which are subsequently exhausted 
b\ water suction to a pressure of lo mm. (q mm. of 
whi(?ii^are due to water vapour), and exposed for 
fourteen bright light. The shade remained 

absolutely unchanged. A comparison trial, which ^ 
was expose^ to the light side by side with tlie other 
one, bu glider ordinary condittons, had entirely 
colour. The cotton was quite white. 
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The same blue cotton sealed in a tube in an 
atmosphere of 'oxygen gas lost its colour even more 
rapidly than the above comparison sample. On 
the other hand, the colour remained unaltered in 
an atmos])here of either hydrogen, carbon dioxide, 
sulpluir dioxide, or coal gas. tt'hen exposed in 
nitrous oxide gas the effect ■ produc(;d was. very 
similar to that noticed in the case of oxygen. 

It is evident, therefore, tliat dyed samples in the 
absence ol oxygen will not fade. 

Rc'rthollei in lypi noticed that the fading action 
of colours seemed to be intensilied in the presence 
of an alkali. In the same way an acid condition 
seems fe) retard the fading action. 

The fact that the fading is intimately ccjimected 
with the presence of oxygen may, therefore;, be taken 
as established. It remains to trace the actual 
action which takes j)lace. It has been noticed that 
the evaporation of water at ordinary temperafures 
leads to the formation of ozone in very small 
quantities. 

The fading of the colours may, therefore, be 
due to the direct interaction between the ozone, or 
hydrogen peroxide so formed, from the oxygen 
in the air ; colourless compounds of unknown 
composition being produced. The action see;ns'’also 
to be proportional to the moisture p-esent at the 
time of the experiment. 

Under the influence of the light vibrations the 
oxygen molecule maj' be more readily spl'/ up, and 
an action of the following order induced ; 
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o, O + O 

and ‘ thib» may take place more readily when the 
oxygen is' associated with water molecules. 

.Whatever tluv action, the result is clearly seen 
ill the alteration in colour. 

.Tfte mjgst favourable atmosphere for this lading 
action is a hot, moist, and alkaline one. 

It lias ^Iso been noticed that the presence 
of such seemingly inert substances as alcohol 
and pyridine vapour will greatly influence the 
rate of fading. U is greatly acc(‘lerated in their 
presence. 

Although our knowledge is incomplete, \^e may 
at it'ast assume that the action is a very com- 
plicated one, and beyond recording certain facts, 
we are confincKl to most indefinite speculations. 

yiie influence of the fibre is also a factor to be 
Cunsidered. All fibres do not act in the same way. 
The fastness of the same dye varies on different 
fibres. Methylene blue on cotton is faster than on 
wool. Indigo on the other hand gives more 
fugitive shades on wool than on cotton. 

Colours dyed on cotton, oxycellulosc, trinitro- 
celliilr)se and jute arc said to be all equally fast. 
This might be put forward as an argument that 
there is no •ihomical action in* dyeing these fibres, 
the dye being pr(^se;it in all cases in the sayie state.^ 
On silk ^(^ity-f our per cent, of the colours experi- 
mentea^/ith showed no difference ; sixteen plt cent. 
^^:b*s‘aid to be shghtly faster.* 
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There are therefore three factors, at least, which 
may, under these same conditions, influence the rate 
of fading, viz., the physical condition of the dye in 
the fibre, that is to say, its state of division ; the 
possibility of some chemical action between the 
fibre and dye*, and the transparency of the fibre 
substance in its rc'lation to the jiassage gf the light 
rays. 

Thc‘ statement that cotton colours' are fast in 
solution, but not on the fibre, is not correct. 

The general conclusion arrived at, therefore, in 
the ])reseiit state of our knowledge, is that the 
action is an oxidising, and' not a reducing one. In 
the absence of oxygen there is no change in colour, 
due to the direct action of light. The action is also 
proportional to the moisture jiresent on the fibre. 
It is clear also that the constitution of a colour 
determines its stability. 

An advance in our knowledge of this subj(ict 
was made by Depierre and Clouet (J.S.D. 
and C. 1885, 245), when these authors discovered 
that the action of light depended upon its 
nature. It might be expected that the so-called 
chemical rays would have a greater efhciency in 
this action in the same way that they have a 

. f\'‘ o 

greater influence in the decomposition of photo- 
chemical salts. As a matter of fact, tlhs is not the 
case. It must, however, be remembered that we 
have here a disturbing action in the cai^ of dyes, 
due to colour-filtering effect. This nature’ screen 
may therefore in its action veil, or modify,' 
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original effects of the light.* The most active rays 
may only have a chance of acting superficially in 
somv ca^cs, at any rate, and, there!ore, have their 
normal action incidentally* modified. Less active 
ra^s which are .passed on through the superficial 
screen may, actually have a greater cumulative 

effect. 

• • • ♦ 

Duffon (fS.D. and C. 1894, p. 92) has shown 
that in anyrase .the waves which are most readily 
absorbedi are the most active ones. * That is to say, 
the cblours complementary to thost* reflected pro- 
duce the gr(‘atest effect. This seems to be a 
general law. The absorption of rays inay, as in 
the cases given at t1i(‘ beginning of this «chapter, 
produce a state of strain in the dye molecule leading 
to a different state of equilibrium, or formatibn of • 
fresh compounds, and apart from this the formation 
of ^active “oxygen” compounds would seem to 
bring about the change in the dye which leads to the 
change in colour. Assuming the ()uin()noid theory 
of colour, it would be necessary to allow that the 
structure of \lie dye molecule is profoundly 
modified. 

The whole subject is of extreme importance to 
the dyer, and should receive more attention. 

•pbr instance, it has been generally allowed that 
the basic (filours produced 01? an antimony tannin 
lake are fast a^s ^compared with those on tanni;: 
acid itse^. Thft action is an obscure one, and 
hardl) f grees with the contentron that dyes in the 
p. ,.:?bnce of acids are faster against light. 
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It has been slated elsewhere that the action of 
li^dit is an important factor in the dyeing of Turkey 
'Red on cotton. 

Another case of the influence of light in the 
process of dyeing is that notioed by Pokqrng 
{Bull. Soc. hid. MiilJi. 3893, 282). Wool and silk 
“ dyed ” with naphthylaniine become , darker '’in 
shade on exposure to light. The shades produced 
by subsequent treatment with nitrous acid are also 
much darker than those from the original skein. 
The action of light on diazotised ])rimuline or silk 
has even been made the basis of a photographic 
process by Messrs. Green, Cross and Bevan and 
Farrell 1 espectiv(‘ly . 

'J'here is clearly jflenty of scope for further re- 
searen on this interesting and almost untouched 
branch of the subject. 

The action of light on the natural colourpig- 
matters present in the vegetable fibres is well known. 
It is taken advantage of in the bleaching of linen, 
and was at one time universally used for this purpose. 

In the case of cotton the action is greatly in- 
creased if the fibre is previously treated with a 
soda dye-bath. Such a sample will be well bleached 
before the other one is appreciably lightened in 
colour, under the same conditions. 

The fact has been recorded that some dyes in 
solution will dye the glass containing vessel to a far 
greater extent on the side which' faces vdie light. 
This is possibly due to the more solvent av tion of 
the water on the glas^ in the presence of lighl'^w- 
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even to its decomposition, ratheV than any action 
in the dye itself. The action seems to l)e a very 
slow^ one* 

To the student this subit'ct is an absorbing o’ne. 
It jnay be attacked either from the point of view 
.of the libres,.(.>r from that of the reactions which take 
plaGc' wh^n light acts on organic compounds. In 
either case important results must follow a careful 
study of the subject. 

Two changes which take place under the influ- 
ence of light rays, and which are both connected 
with indigo, are of interest. 

The first is that noticed by Kopp {Bull. Soc. 
hid. de Mulh). Kallc’s indigo salt is vtcy sen- 
si dve to light when present as the bisulphate 
compound. A dyeing process has even ‘been 
founded on this fact. The nature of the reaction is 
unknown. 

The second is that benzylidineorthonitroaceto- 
phenone is converted into indigo by the action of 
light by inter molecular oxidation. No action takes 
place in the dark, very little in the red rays, more 
in the green, and the influence reaches a maximum 
in the violet (Engler and Dorant, Ber. 28, 2497). 
1 he inference is that the action is closely connected 
with ?he presence of the chemical rays. 

The student might also ref* to some work done 
by W. Straub (^rfhiv fiir Exp. Path, und Pharm, 
51, 383) «'*on the action of light on eosin under 
special/:ircumstanccs. 

The complete decolorisati6n of this dye sequired 
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65 molecules of oxygen. The action is ascribed to 
the production of eosin peroxide in the case in 
question. 

It will be remembered that the fastness of lakes 
depends on the nature of the ''absorbing” material. 
Quite recently W. E. Evans (Eng. 1905) 

has shown that light influences the c drying of 
materials. It is said that the action may either 
hasten, or r(‘tard this operatioir according to its 
nature. 



CHAPTER XII 


.JETHODS OF RESEARCH 

% ^ 

li is considered advisable for the beiVefit of students 
and oilrers, who contemplate starting original work 
on this subject to outline briefly the methods used 
by ^.)revious workers, s® far as thej^ have been 
published. * * 

The* methods used are simple in their nature, 
and in many cases are similar to those used in the 
practice of dyeing. 

pircct weighing fncilwd . — The fibre is carefully 
weighed on a chemical balance, before and after, 
the experiment. 

The process is not, as a rule, a satisfactory one. 
For instance, it* has been used to record the actual 
gain in weight of fibres which have been mordanted 
under different conditions. The net gain in weight 
is registered, and this, perhaps, in ordinary dyeing, 
mofd^iting, or weighting, experiments may be 
satisfactory,•.^^et the actual ncdiirc of the addition 
in many cases, can be only guessed at, or is even 
unknown., 

This! must be determined By actual chemical 

# 

This, in many cases; is a very ^ilucult 
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operation, and entails the elaboration of special 
methods. 

It is probable that in the future such a rough 
and ready method of estimation will receive little 
support except, of course, in cases where the,, re- 
action between fibre and substance absorbed can 
be readily ascertained, and is beyonc],^ qu^sfion. 
For instance, it might be a satisfactory method of 
showing the different results obtained by the treat- 
ment of silk with pure tannic acid. On the other 
hand, it would be a very unsatisfactory way of 
indicating the action of silk on stannic chloride 
solution, or wool on bichromate solution. Any 
further*' experiments on the action of mordants, can 
have very little value, if they are simply of this 
natuVe. The composition of the salt fixed must 
be clearly determined, and any alteration in the 
composition of the mordant solution itself, 
noted. 

The condition of the fibre, in these experiments 
may have a disturbing effect on direct weighing. 
The percentage of moisture must be estimated, and 
allowed for. 

This method is not satisfactory in the case of 
dyeing with aniline colours, unless they are present 
in large quantities. Even here, it is advisa^Dle to 
check the amount df dye left in the .Volution, by 
processes mentioned further on in, this chapter. 

Much of the present uncertainty of tlta, reactions 
in dyeing, is clearly due to the primitive nature of 
many the recorded ‘experiments^ Such a st^e?rrf*^ 
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affairs would not be tolerated in any^ other branch 
of chemical or physical work. 

The a)nditi()ns of the fibre state must not be 
allowed to* vary without reco/d. Perhaps the most 
diffij:ult problem in connection with such work is 
the standardijsing of a fibre state, which shall be 
coastline apd easily reproduced at will. Such treat- 
ment as is generally adopted in practice, which may 
entail the ilse of solutions of acid or alkaline 
reaction, is of a doubtful nature. 

The action of such reagents is disturbing and 
specific and, with our present knowledge, it is im- 
possible to estimate ^.heii* influence on the fibres, 
with any certainty, or indicate their effect *on the 
absorption values. 

Ultimate c?n(^/ysfs.--This is only satisfactory in 
rare instances, for the reasons which hold in the 
above case. 

It may be used to estimate the percentage of 
nitrogen in silk. The percentage present in the 
fibre is 17.6. The greatest care must, however, be 
taken to exclude the possibility of any other nitro- 
genous substances being present, and so interfering 
with the result. 

Persoz (Monit, Scient. 1887, 597) suggests that 
silk be reduced to a powder after treatment with 
30 per cent. lay drochloric acid. 'The nitrogen factor 
is then increasecj tp 18 per cent. The advantage, 
of this pfocjdure is doubtful. 

Estv^idtion of ash . — This may be useful to indi- 
fh-e presence of mineral hiatter in the acase of 
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the absorption of inorganic mordants. The com- 
position of the ash should, however, be detcrniined 
‘ and the possible action of incineration on its com- 
position allowed for. ^ 

Direct analysis . — Wherever passible this method 
should be ado})ted. For instance, if this metliod 
had been used throughout in Heermami’s , ex- 
perimental work on the action of mordants the 
results obtained would have -been of gixatei 
value. 

The work nc'cessary to devise special methods 
ol anal3^sis to nnxd tlu^ requirements of the woiT 
is often of a tedious nature. It may even be im- 
l)ossible to devise such direct methods of determining 
the actions involv(‘d, but wheiu'ver possible thej 
should be used. The methods in use for ordinary 
analysis are, of course, available. 

Acidimetric methods are useful to esti,\iiatc 
acids, alkalies, and the absorption of these sub- 
stances by fibres, if special precautions arc 
taken. 

In some cases acid cedours may be directly 
estimated by a standard solution of Night Hlue. 

In the same way tannic acid is said to give gooci 
results when usc^d to estimate basic colours. 

Knecht has recently rf‘corainended the * use oi 
titanium salts for the volumetric ine#^iod of esti- 
^inating dye-stuffs in solution (/. 5 ^. and D, 24. 154). 
This should be useful in many cases. 

The estimation *of alizarine and mordan"^ colours 
is a difficult operaTibn. Their mordant vftlue^” 
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may be obtained by the metfiod 'suggested by the 
writer (/.S.C./., 12, 997). 

’ S(Vvcni action of reagents . — This has been used * 
to indicate the way in which colours are held by 
fibres. 

Tins method was adopted by the writer to 
dVl^Tiiiine th(‘ relative “fastness” of ingrain and 
direct dyed colours. Other cases will also have 
been noticed* where this method is made use of, 
particularly wIktc alcohol has been Used to extract 
dye from the fibre. Benzene and amyl alcohol, 

have also been used for this purpose with 

• ■* 

success. 

Direct colour csLlmation.—l\\o. numerous .tincto- 
meters in vogue may be used for this purpose. With 
the Lovibond instrument a direct colour-record may 
be kept of any dye solution. It may even be used 
for estimation of dyes on fabrics. 

Mills and Hamilton used the tinctometer to 
estimate the relative absorption of dyes by 
fibres. 

I'his methocf is a very accurate one when the 
amount of colour present in a solution is small. 

Estimation by dyed sample. -A shade is matched 
by direct dyeing on the same fibre under standard 
coiuiitrons. 'fhis method is useful in cases where 
the dye-batlT.is exhausted. 

Relative dyeing ^properties of -This may^ 

some diijes indicate changes like those which take 
place d^*r ng the mercerising actiun, or in the nitra- 
ul cotton fibre. 
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Thermocheinicul reactions are recorded by special 
means, and involve the use of a calorimeter. 

Dissociation and association effects in solution. 
— The student is referred to the standard books 
on physical chemist ly for information on this 
subject. 

Temperature. — The control of the temperature 
durinij: experinumts in dyeing is olten of great 
importance. This may be effected by the use of 
a thermostat. 

Spectroscopic examination . — Formanek recom- 
mends this process of analysis for the detection 
of colouring-matters, particularly of the variations 
in colour noticed after treatment with certain 
reagents, such as ammonia, nitric acid, &c. 

Polarised h'l^lit. — ('liardonnet has used this 
method to distinguish the different states of ni- 
tration in nitrocellulose. 

Hiibner and Pope indicate that they are using 
this to indicate change in the fibre state during 
the process of mercerising. 

To a great ('xtent the investigator must be guided 
by the problems before him, and the general and 
recognised methods of analysis should be utilised 
wherever possible to the exclusion of such tests as 
the mere weighing of the fibres before and alter 
treatment, or comparative dye trials. 

The student should make certain that when- 
ever possible his work shall be ot a quantitative 
nature, and that the conditions of the experiments 
are accurately recorded. 
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Special attention should be given to reactions 
which take new directions or are modified in the 
presence pf fibres. 

Such particulars as deal with the physical corn 
stants of solutions must be sought for in the recog- 
nise’d text-books on the subject. 
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I'Ol the L’st of S( Idols and ('ol!<nts lly WlIMA.M 1'L\MS,\S, R ( .1)., 
I'll T.K.S.. Ihoft's' . ol •( lifinisin lu I'niviisUy London. 

Wiih l^ij];i.t\ in^s, { Sot. Ijo'. ; Inldk-.ivid toi i\> ics, 50 0/. 


A System of Instruction in Chemical Analysis.' 

By Rkmhtiis 1-kI'-in{ 1 1 lU' IhnUs'O) o| Lhrnnsiis ,uid Diucior of the 

^'iicniiral L.dioi.iloiy ,u W icsbatli n. 

RM! \l.i I'A'l i\ l . Ti.msI.iU'd Irtun llu- I ilicenlli (ii.iin.in T.dilion, .ind 
cdilt-l b\ (’lIAi'lKs L. (iRo\K , I’.R.h Tenth 1 diiiou. With 4O 
Itngi.ivin^s .uid Plate ol S[KVlium \n.d\sis. S\.o. 15'. 

(^>UAM IJ AJ i\ 1-. Sc\»-ntli Lnt;!p.h h'dition 

\ ol. I, Tiaiishited hyAuini'K \ \( m u. \v’)ih 106 F.nomvings. 

S' • 151. 

Vol. II. 'I lariolakd lo ('h\s. i'. t.Ruxhs, h.K..S. With 143 
l-'n^r.uinoi S\o 20-. 


i^.nactjcal Chemistry. 

By |, r'A^ll'IlKiJ l’iRnvv\. l).Si , I’otlfss'ir ol t lu-nnsij\ m \)(ton!t Univi'i- 
Mly. and i\i sii) b’olkj^^e, Liveiiiool 1. < hi.ilii.ili\ c h \cn'uses .md 

Analyticai 'bahlLs foi Students h'lllh I'.dilioii. S\o. 2 .. iilI. 


Inorga.iic Chemistry. 

I'>y S;i 1','V\AKi) |ra\kia\ 1), KtfB.*, L.T.I^. LL.A., I'.R.S., and 
Kranms R. ‘\1.A., i'll 1)., I'.I t .. L.R.S., rioifsswr Llaunsli) in 
'u ’ Uiuser^ily of Ahrnloeif. \\ Uh innnerou Lnt;ia\ iiii,s and Lolouivd Plan. 
ofSpecLi .. Svo, 24'. ^ 



6 , J . & A. Clinrcliil^r s Science Lisl- 


The Chemistry of the Terpenes. 

lly V’* Hkusikr, J'b.I)., r.Dun L'nivcisUy. Tranhlaicd and cnlaii;c{i by 
K. f. bON*}), IMt.l't, IVnnsylv.inia SlaU- Odle^c. 8 \o. 17 V. nol. ■ ♦ 

• rU.llAVAf'/ Wilt U nHA<XAJ-. “'J'lie worl should iiuli^jiaisil.V to iho-e \n 1 io 

(icsiK lo ji .il)ie.isi of nio(U* 11 I liemic;il lesf.in he on ihi isseiilial oil,. ‘ ^ 

The Analyst’s Laboratory Companion ; 

A Cnllcrl loll Ilf Tallin^ and D.il.i lot ( 'lii-n\i''ts and Stndi'iils llyAiMvED 
b. Johnson. 15. Si\ Lotul., A. R.C.St. I , I .1.1’, Thibl Edition, onlar^LTt. 

C town 8vti. O.o b(t nel. j ' 

/ I /. ] A 7'. “ 'I Ills riiliiih.xhk h. indy hull xoliinn (.out. ini'- .dl du iTl.'Ii st . -.ii.illi i qiiind 

.iiiilxsl-.. \lio.;cthci tin hooK is of sin h a useful aed liim-.i\iu^q ii.itiuo dot do lm-\ inalysl 
i an afit-rd lu la without it. 

7 f» 7 /A’.V.J/. 01 ' STArh ‘'•llu,isai'(-\xicdi.qlyusr-iulliaiMiiHjlM)iailValb * 

nidisjitiisahk inixtix lal’oi.iUin 
( 

Researches on the Affinities of the Elements 
and on the Causes of the Chemical 
Similarity or Dissimilarity of Elements- 
and Compounds. 

11} (Ji^oi 1 M.v M‘\kji\, 11, S( Lolid. Will; IlhisDaiioii rnd Ttdiles. 

8\(i. IK-l. 

A Shtiple Method of Water Analysis, 

I'-spcci.tlly tU’sii^ncd lot ibc 1 M- ol Mxdual (hfutas ot IJr.dib 11} John ('. 
Thkrsii, \1.1). Ate., I.oiul , Catnb . iNandnci in| Slate 

Medicine, lotuiisiiA ul Lundon. Medical Oliicii ol lie. villi foi ibe Ctttinly 
of Esses, 1‘iflb l'(Iil'oi), J CM]). iS\o. 2\. On. 

IIV THE SAME AlTlloK. 

The Examination of Waters and Water Supplies. 

Willi K) 1’1,'les and n Eii^uics m the le\i. bvo i 4 .» lul. 


11 } John C. 'Ihiilsii, M.D,, and Xkihik E. boujhi', M.i>., M.A. Catnli., 
Assisianl Medical (.Ifiiiei of Ik-altb, and ('bief .Saiul.ir} In.speclor, (iil) of Eeeds. 

Preservatives in Food and Food Examination. 

W’ilb lllu.sltaliun^. S\o. 141. nci. 

Foods and their Adulteration. 

t)ii];ir), Mamif.K line, .md Composiiion of I'ood I'lodiicts ; Dcjcripiion id 
Coiiinu^)n< Adi]!lci.ituni>, I’ood .Slan<lards, .ufd ii tonal I'ooil Laws ;ind 
Ke];ulalion>. 1{\ IIarm-’.s \V. W’li ky, M.I>., I'h.D. Wilb ii Coloured 
IMaU-s .iiul «S(» olbei llluNiiytions. 2i\. net. 

The Organic Analysi's of Potabl.e Waters. 

l!y J. A. Hi .MR, I'.M . U.S. . (.liiii.. l,.U.e.l'„ Si-ijjini 

E'iiliun. Crown S\i). (uf. * ' ‘ 



A Systematic Handbook of Volumetric Analysis; 

Or, the (^uaiUitalivc I'stimsition of Chemical Substance^ i)V UKfisare, applied 
to Liquids, Solids and Cases. Ada})ic(] io the |-e<ii#uemeiii^ of I’ure Chemical 
‘ Kesean h, Patholoj^iciil I'hemisiry, Phannaev, Mcialliii<;y, M.iiiuCacLarjn^ 
Cliemistiy. Photftgraphy, \c.,.ind for llu; Va!ualR)n oi SiibsKinces u.sed in 
(*omniirfrcc, Aj^.icithmC and the Ails. Py Fk\NCIs Si’iUA', 

F.C.S., Puldir Analyst for the Coinyy of N'oifolk. Xinih Ldition. With 
121 Lrij^r. '-inj^s. ml. 

j» 

.a.V.'t/J i', sli vu k vvilh llu: iOitliDi s 11 111.11 k.ihli jiDWcr . uf .isdinilatioii, 

^aoer-- iS'.f.ilJ Ki i 1 > ”ij; desnihcrl in tlnMr uiopti jil.-ii e, .iinl in Mi Suouii ^ will I iM'wn tcistainl 

iiK ul ' l.>It ’I’iiL v'.oi'i ' 1* .ii; .^eeii mir nt lh«‘ itinst consi.mt conijianioiw .nuilytu .il elitiuisls nf 
e\ Li .:n<i I hf nc \v edition iiilb ni.iinuiins the uiuit.itujii nt tin .lUlinji fm i \ct'IK‘in„c oi .vnik 

in lesjiej^ o 


Commercial Organic Analysis. , 

A J'jcalJso on the Piojicilii's, Ptox'm.itc An. dMic.il tl.v.uniii.il ions, and Mode.s 
of Ass.\yinj.j llu: \arious Oii^aiuc ( hemic.ds .ind Piodurls employed in llu: 
Arls, -Manylacluies, N.idnines, Xe. Wiih Concisi Mtdliods lot ihc Detec- 
non and Ihieninnalion ot linn Impuiiiies, .Adulteiaiion'', ;ind Prodvats of 
I )ccoTu position. Kv \ii-KKi' 11. \li I'.N, I’.I.C., 1 .1 .S , Piiblic Analyst 
foi the West kKling o| \orKshi1e, \i. 

• 

A'ol. I. Alcoho.s, Xculial AP-oIiohc l>tii\.ili\es, Xu, FUiers, V'e^e- 
^ table Acids, St.iub .ind its Isomcis, .Sugam, Xc. ’ftiiul I'iditioii. 
Wilh lllu-<lialions. Svo. 18.0 

\ol. IT. P.iri I, 1 !sc(l OiU and Imls, (il)ciiin. \iliogl)i\nn, Dynj? 
mites .ml Sinob' Ic'.'^ Powdeis, Wool-l.U-, Degi.is, Ac. Wilh 
llhisli.tlions, 'I hitd Kdilion. 8\o. 

\ ol. H. P.nl n. llydioi .ubons, Peliolcum .ind (.\>.d T.n Pioducts, 
A.s]ih.tlt, PIk nol - and (. It osote: 'I lind Fdition. S\o. i.p. 

Vol, 11. Pait ill. .\cid Denv.itives oi Phenols. .Aioin.iiic Acids, 
Essential Oils, Ttipone'-, C.inqthois, P.ils.ims, Kesins, Ac. Thud 

Edition, Svo. 20 k 

* 

Yol. III. I’ail 1. T.inniiis. Dyes and t'viiommg Matteis, Writing 
Inks. Third Edition. 8vt). 18'. 

Vol, HI, — Pail n. Animus and .\mmoinum Pia^es, llvdi.i/nic and its 
J )eiivali\ fs, Pascs Irom T.n, Vntiiiyielies, Ac., Xegelahle Alka- 
loids, Opium, Te.i, Cotlee. Cocoa, Kola, Ac. Second Edition. 
Svo. iS.r. 

\cl. III. -Pait III. Vcgei.ible Alk.douK ((oucluded), Non-Pasic 
'^r.geuble Bitter I’linciples, Anftn.d B.ises, .\inin.d .AckL',, Cyanogen 
and Its J)eri\ .dives, Ac. Second Edition. Svo. lOf. 

\'ol. !\k, i(#gpleling the wtak.— The Pioleids .oid MVumiiious Ijjrin- 
* viples, Plot coals 01 Albuminoids. .Si-cond Edition. 8vt>. i8j.* 

f 7 //-M/y»/ JA 7 > I)f\ r. “ it i- ilill'.i nil lo < .nct'ue -if a 1 -ank \\h\ h runld he moic 

•jff a ^;#i)aa. ot .ill mjiIs ilian this " 

/.AA'Cl'/r. “Mr \ll« a liJ# larued die lli.nilu ■ h'-iiii-.l .ei.' <il .ill an- niteiesteil in 
(. lieiiiist ' I’oi 111-. Milii.ihle, 1 leai, anil .1^' ni.iK honk ’’ 

*1 - *1111 ivtiikis.i It'll advaate in ihc science ul I'lactCrd k heiiiistry ukicli iWs 

rce.il to its author in eveiy re'-iicei." 
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Manual of Chenvical- Technology.' 

liy I'J^niOLF \V.?wNiiR, Y‘1i. D., I’nifessor of ChenucHl Icchnoio^y rfi.int; 
Univcrsilj* of Wi^rt/hurg. Tianslated .ind Edited by Sir W:\i. CuooKES, ^ 
I'Mv.S., liom the TliirleetiUi Knlari^ed (ietiu.in Edition tis rtMnodeI/»„d by 
^ D). Ferdinand 1 ;^isciikr. Second En^lEli Edition. With 59^ Eni^ravings. 

^Koyid iSvo. ] 2 \. f • 

SKrrioNs. 

Technology of fuel - Metallurgy -('heniical Maijjul.H taring Jtidustry- The 
Org.mic (.'heinical Manufactures- (Mass, Earthenware, ( einent and Morfai -• 
Articles of l'’ood and Consiiniplion (Jhemicai Technology of babies —Miscellaneous 
Organo-Ehcinical Arts and Maiiufactuies, 


Chemical Technology: 

(^1, ('heinistiy in its Ajiplicalion t" Ails and Mamifai luics. Edited by 
(Aiakiks Edward (iRovis, b'.K.S., Wiilixm 'riioKP, H, Sc., and W. b 
Diiidin, E.I.C. ' 

Vol. I. -iTl.t AM» IIS Ari’l.K'AI ION'S, by I'h j. Mii.i.s, D.Sc., 
I'.K.S., and V. J. Rowan, ('. E. With 7 I'lales* (> rolouk,ed) and 
606 Engravings, R.nal Svo. 30.. ^ 

Vol. H. -- i JCll I IN(.. Eals .in(? Oils. b\ W . \ I)KM’; Stearine 

Industry, by |. M( Nui’IHik; (’aiidlc Mami(acluu’,'by L. Eiki D 
and h. A. Eiiu d ; The Eeiroleinn Industry and Lamps, by 
RotEUJoN Ki dwood; Milui-s’ Safeu faiiups, b) B, REDWOOD 
and I). A. Lcitiis. With -jSS EngraMiigs Royal Sno, 20i'. 

Vol. 111 . ('.AS LioiiitN'C Ry ( iiARil.s lli.M. With Two Plates 

and 292 Engiavings. Ro3al Svo. iSe 

Vol. l\. -I'lLcikii l.iotn INC. By A. 0 . Looki,, M.A., A.M.I.K.E. 
PiioioMh'i RY. r.}' W, J. Diiidin, E. E.('.S. Whh 10 
Plates anil I Si Inignavings. Royal Svo. 20.0 * 


A Handbook of Physics and Chemistry, 

Adajited to the Re(|inienKnts uf the biisi !’'x niiinalion i.f tiie English Con- 
joint Medical Boauh and foi gdiei.al use. P.) 11 E^ ( okiUN. B.Sc. Lend. ; 
and A. M, S'IKWaki, B.Sc. l.oiid 'Phiid Edition. With 1(4 lllusuations. 
Crow'n Svo, Co. 6,'C net. 

UNJl //lAy/'F '' / y/y L*/\\ J - “ \ii < v.flknl mhum ui plis -.u v .nnl . liciiibuy. . . . 

\Vc can •.Iri.nely is< oiiiiihikI il 

yyr ?/ T/ A/ JJ/ A' .lu nmcli plc.iHtl willi ttiL Ij 1 . .111(1 vn. Kcoimiuml il lo 

the careful coiiMderaiion, nul unb <*f the studtiils ,il)d\e (ni(tli(..l ^ludi iUsf. bul r.lso of llie 

general student destiou-. <if ohi.uning .1 c‘"'d sound (hiiunl.iiy kiiowkdm- of llu main iinncijiles of 
physics and t.heml'>li\ HiiliolU w.idiii'. ilnmiuh sepai.nit maim .1 oii th« \aruius hr.iiKlies of llu*^ 
sciences ” 


A Treatise on Physics. 

Vol. 1. Djnainics and JVopetties of Mallei. By Andki.W (jRAV, LL. D., 
f F. R.S.^ l^ofessor of Nutund Philosophy in tin llnif usity ot-C lla.sgow’. With 
* 350 Illusiralions. Svo. 151. 

jV/I yT/AVi. “ '1 ]iL leaiki will liiid ill' liuok .1 auuhims. ol p m lal iMioriii.itlun ^ , 'I he hook 

should he fouiul m t\tiv physual Idii.nv, .iiid i- sun to h. lu.iiicrilly oonsulted ” 

Al U EN.liU M . — “A Miy 1 ouipicl(.‘nsu( iir.ui'-i on dynaime-. in the hioaihst sense of iht* 
word, iiieludiug .seuirs, h>drodvTi,iruics, ^laslrlUy, .iii'l capill.iril^, nlJ^ih dis( iissioiis of nuMsures and 
instrumeids 1 he treatiiicni is very businesslike, .ind aoe-s fiiettly lo the lieaii of the various mailers 
considered . . , Clear and tnistworlhy iiifornialioii is gi\Vii and iniiinaU a<, iu£(it'l.in(, ■ is sl^iwn 
whli the highest modern authorities.’ » f 
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An Ifttroductfon to F^hysical jVLeasurements. 

By T)r. F. Koin.RAiiscii. With AppcTKHd!?s on Al»olulc Klecyical Meahvire- 
munt, X'o. Translalod I'loni ihu Sev^nlh (icrman Kclition by Thomas 
^ lTu^ClH^s(>^ Wam.kk, B. A., J^. Sc., and IIknry Ril'HAkdspn Frocier, 
1 .1,4'., l .C.S. Third Edition. With 91 Engnivmf^s. Svo. i 2 .'>. 6d. * 


A Manual of Botany. 

T?) j. I\Ey: c !,’)'> (IrKEEN. Sc.l)., F.K.S., I’lofc^soi of Botany to the 

Vharm.i. ou'i^al Society. Q voE. Crown Svo. 

A ol. 1 . .doRruoioiiY A\i) Anaiomy. Tlind Edition. With 778 

^*i» Engravings. 70 hd. 

Vol.il. -C’l AsSli'K’.M ION AND 1 ‘liYsiot oc,Y. Second Edition. With 

g I'jb Engravings. lov, , 

-YJ TUR I — *' A boot whicti ii'i sludent oni^bl lo m-iilt-ri ' 

UNITED .'/"I’ C(^K K FSRi^NPJ^y I . — “ Ks|m c jally suiiol to tin. ytncral sludcnt. . . . The 
illiistratioiijjjart; numerous and Ius;li1y s.itisfartorj ” ^ 

ELTh R IRfARIAX. - “Ttie exlnoiiflv f.ivouiahle luipression (u^cd by .1 pern.s.d of the first 
volume of this exadletii maminl , if aiiMhinp, nicieased liy .i snub of llic second. Although oi 
ei|iul_ini^orr;m(.(., th? natts de.iliiUT w nil I'l.issilic.xtion have les. .ittj.K tion foi us than those on the 
{‘liysiolugy of Id.int.s, hut of the l.ntoi we « aiinot 'pt .ak 111 teiiiis of too liujh praise. I'hc author not 
■' ’.y aijats his subject with t.vid^'ut ui,istti\, hut '-uu oeds iti lu.ikmg it .lUiai.tive to.in e\tent we had 
SI an » ly thoiurht pgssdile Withm lli« limits of sp.ai.t at om dispi’-sal we lU't, unable to enter into 
details . all w< ^ni s.i\ is tliat ,is a 1 la 'u.d foi stiuU nts tlu book seims .idiii' able, and that if any 
t riti( isin Is .idinissible, it W'ould b' dintusl .n its csceptional ihoioughiie^s, wtuch in ( ertain caseh 
miglit even be tlionghl .1 ibsailv.iiilngt, 1 he book is be.iutituUy printed on cxcell^it paper_, is ser< 
vicesiblj hui^id, nnd (1h t\'o v.ilnu,< s < ..ntain tlie almost plienoineii.d nninbci ol i, 191 ihustratioiis,” 

An Introduction to Vegetable Physiology* 

By J. Revnoi |)s (^reen. Sc 1 )., M.A., K.R.S., I'rofessur of Bntany to the 
Vharni.icemicnl Sociel). Second Edition. Willi 1S4 Illustrations. 8vo. 

% lot. fit/, net. 

Ab-t 7 ’£/ 7 i “ it is a niaVUr !tu ci.iiilicalion that the task of providin;4 such .1 treatise should 
h-iVe fallen into siuh i^ooil b.imls .is ilio.eof J'roRssoi (j cen, by wlioni, as might Imveheen expected, 
the subject-inatt* r lots hetn skilfully ii.indb d and .admirably ilhistr.ited. Hy wisely avoiding exces- 
sive detail, and by duty emph.isising from difleieiit points of view' ibe v.uious m.nters of special im- 
portance, the .uuhoi U.is siK« ci-di d in jiiixlucing a rc.dly excellent student’s liook, whilst the general 
leader will find the priiiLip.d tupn s ol t uneiit pity aologkal inieresl piescnti d in a UiluI .and interest- 
ing in.inner ” 

yOVRN I A (P' -‘‘'Ibis boo), will bf he.utily welcomed by Ivotanisls. , . . The 

n» '^hwl adopted is ext elk t 

The Microscope and its Revelations. 

By WiLMAM B. (bAKi’EMEK, C.B., M.D., EL.D,, F.R.S. Edited by 
he.. W. 11 . Dai i im.kk. EE.D , F.R.S. Eighth Eflition. With 23 Plates 
a. ^^"or. ih.in 8 do b’lguics in the Text. Svo. cloth, 28.0 ; halbculf, 32,0 

""m* 'I'he yvoik is also issued in two \olumcs, sold .scp.iiately : - 

^c!. -The MirROscopE and 'jrs Ac(T>si)rie'-. ('loth, 145. 

Vol. II. The Mickoscoee: its Kkm.i.ations. Cloth, 14^. 

KNOirU'.lhP — " 'I’he pie*)*!!! vohiini gue- a ■ le.ir exposition ofkno^ledgeand theoryre- 
g.nidi’vg till murosL^je, .imlyihougli inurli of iht text is to be found lu the foj^uer edilion.tbere 
lue ni.any n^-w 'Uid •‘twritieii poitions which .uld to the \.due and hu idity of the hook. It i!s well 
printed tin 'illustrations aie carefully jm i)arLd .xiid xmII di'ipl.iyed, and the book is one that will lie 
found inva u le a text-book To ill inii to.coi,His." 

• 

fPiAR^T.iC M^Tli'A ! JiH'RXAL. “ '1 lie ai.jiendu.f s, tallies, and very comprehensive 
u. . , .idu laig'dy to he v.iliu of the book .is .1 woikin* giide, and, in f oiichis' ni, it only remains to 
st..U th.u the eiidilh f’ltion olgf^.irjieiiler s ckissii woiKniost woilliily sustains lh§ reputation \vhicb 
the ))ooI has alw'ays liciil. N > .imatyn Jmirioscopist i an afloid to be witlioiil it, and It will also Ik 
f '^<1 /I tlie gru.il< -^service to ph.aTWi»ci>ts, medical students, .'iiut all others who have dtcasioi^ to 
u*# t.A- microscop.- as an instiument s' cntific rcseanh.” 



to . /. & A. Chnnlti/fs Science List ' 


The Student’s Gu^dd to Systematic Botany, , 

Inclu 4 ?iig the ClA-jilication of IHants .iml Descriptive Botany, By Kc/BJRRT 
liRM'i.KV/K.L.S.j M.R.C,S., late Emeritus Professor of Botany in King’s 
( ollege, and to tlie Pharmaceutical Society. With 357 Engravings. /"’I'cp. 
«vo. hd. ^ ■ 


The Microtomist’s Vade-Mecum: 

A llandliook of the Methoilsof Microscopic. Aiuloiu). By ARilUfR BoLLEs 
Lth. Si\th Eduiem. Svo. 15.4.1101. * ^ 

Hh'/'l/SN )// Dl( \ /. A!.. “ Iiulisi»cnsHl>lf to .ill i.ii>or.iioin'b where; luj 11# 1 and 

1111)1 1'ld U'MU's .nc ('V.imitif il mi, la'.copic.alh. ’ ♦ * ^ 

/ ^.^7 / / *' h uivi ^ dm must H‘( cnl iiifoiin.itioii, pic-i isi thus liuiit,, .iml ihr nmsl aiiptovcd 

uiii'Us ’I lie lutliur liU' toed cvcrydunn, .end j;ivcs ilic ti;adci the 1« ulIu uf liB lan;e e'i[ientiK';." 


Guide to the Science of Photo-Micrography. 

Tty Eduako f Bnusi iKi 1), E. k.C'.P. Lfind. Second Edilion. With 34 

I'nguuings and (dass-pnnl I' loiitispiece. Svo. (n. ' 

BKH I\l! \n me {/ /(X’/eV U. “'Ila bool, is of .1 tlmi m^lily piatn..,il thar.i, , ind 
abouiitl.s ill (lot. ids neicss.ti\ fui tli<. wuik. ’ • 

HKfflSU J'onex il iff- /’//OJife/eU’//)’ -Coi l..- sOungly utomiT^lmled to :dl who 
jniipost. dcNoluig themselves to this liep.ulinciit <»f pholottraphj . 
e 

'Methods and Formute used in the Prepara- 
tion of Animal and Vegetable Tissues 
for Microscopical Examination, includ- 
ing the Stain of Bacteria. 

By Peter Wyai i Shimke, K.L.S., l .E.S. Crown Svo. 34. 6tjf, 


The Microscopical Examination of Foods and 
Drugs. 

A Piactical Iiilroduclion to the Methods adopted in the Microscopical Exami- 
nation of hoods and Drugs in the Entiie, Ciuslicd, and Powdered States, 
Designed foi the use of Analysts, IMiarmansts, and .Students training for those 
Professions. By Henry C. Ckkenish, E.I.C., E.L,B;, Professor^ 
Pharmaceutics to the Pharmaceutical Society of (Ircat Brilaiif 7 *^A.uthor of 
“ An Introduction to the Study of Materia Alcdica." With 1C8 Illiistrationb. 
^0^. 6f/. net. ( * 

rUAKMACl UTICAL /( 'TAhV. I “ The work is woli-plauimd ,iiid praclical as it Is 
urn<]ue ; nu pharm.icist, phaimm culu at student, or jmblir anahst mu afford to be without it, and 
the author t^ < ord'aHy i ougraluiated upon tin; compltaion of a dtff.ettU piid pi ai'.tj worthy enterprise.” 

/(WKNAJ. (f.h STATL M LHIL I Xh. --“Ihvsis an cxedleni work, w’dl illnstratul and up 
to dap’, and should prov« of ie.il v.ilne lu^ tlu piotessional •uialy'.t rn his d.iily work.” 

BV Tin: SAME ADTllOK AND EUGENE COLEIN.' * 

An Anatomical Atlas^of Vegetable Powders, 

D'c.signcd as an Aid to the Microscopic Aiv^dy.sis of lAiwdered l''>ods imi 

* tr.n.E tVifb T-S« Itlu,.rv.,T...n,. !->, hA nnt* ' 




fV (jufoe to the Micrtscopic^l Examination of 
Drinking Water, with p AppenSix on the 

Microscopical Examination of Air. « 

• 

% Sji'^oun 1), \! n, M.l)., y.K.S.j KN-l'Kifi'sxirDf Nnval 1 ?^giene, 

Army MkHcm] Srhuol. Sci'on<l Willi 25 Lilliognvpliic I’laUs, com 

taining many Figu«s. 8vu. js. iuL 


Quarterly Journal of Microscopical Scienci. 

I'diu f1 i)y Fjofcbsoi* K. 1\\Y 1. !• k, M.\., FL. !)., F.R.S., with the 
1. u <»i»i ration of Adam Suxavun, M.A., I'Mt.S., W. F. R. Wfj.don, 
J’.F.S., .Hid SvDM<:v J. llu ivsti\, M. A..^. k,S. Fuhlislicd occa- 
doiudly. 10 . 1 . iKt. 


w 

Manual of Hygiene. 

liy*\V. It. IUmv.u, M.l)., D.IMI.. I'.U.C.I'., Iatuiki' ..n I'lililic Ilcalt! , 
St. Railholomew's Ilospiial, Assistant Mcdic.il Otliccr of IJoalth of 
Adimnistralivo ('nimly of Foiukm. With 93 lUusUaliims. I2v. 6ft. net. 

I OVK XA I. ( >/ STA't'l MJ l>/('I.\/'. “Tills is .1 will '.vuiuii iimiui.i1, which leaves un- 
i'HuW'd luisubitiM of .my iiiiJi'M t.iiu i' in .uiiii - 1 Hon with iiYCieiii 'Itirliook is tllustrauul, amt the 
iy)ie*si'cl Is cU'iir. Di. llamei 1 n >\\s wli.u Uie » .iiulul ilc foi ;i I'uliUr IIiaIlIi liiploiii.i ii'Hiuies, .'incl 
has hiui ceiled Hi pi ikIu Ing.iwoil whnhcan Ik sli oiiulv m i onimuuli d to tlu* ultentioii of all who 
a ill .«ny i.ip.aili inlcrtsied 111 llic •utniiiiisiuiliuii uf I’ubln. I ie.illh .ilhiirs. 


A Handbook of Hygiene and Sanitary Science. 

By (iM). \Vns(i\, M.A., M.D., LL.D., 1). IMF Cainh., Medical Officer of 
llcalth foi MidAViUwickshirc. Kiglith Kdition. With Ihigiavingb. 12^.61/. 


The Theufy and Practice pf Hygiene. 

(NtiriKK and Imkih.) By Colonel iSoriKR, M.l)., R A.M.C. ; and Major 
llDkkO^:K.s, M.IF, l^.Sc., Assisiani I’lofessoi of Mililars^ jlygienc in the 
SUitf MeOieal CiiHCge. .Sen uul Edition. With 15 Plates and 138 other iftlub- 
r.. uMis, Ro\al 8\o. 25V. 

)'■ /;/,§_■ il.lAl.Tlf.- “The hfsi lesi-himh of Hygiene in the f.nghsh Uuignige, . . . The 

vauuigiininiit of the h ik is i vcf-IIent, and, full .asu is tA niiuci, tin rii.itlei has been so pul a,s to bi. 
easily gra^jiiul .iiul assn lilaied^* ^ * 

^ “ An rn< jclopa'ilii Cannot l.dl to lake r.aiik .is ihe oluef aullmrity upon 

»i*st the question* with which il d# b. • 
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A Treatiee on Hygiene aiid Public Health. 

J^y Si)»TiioMAs >?1'F.YK.NS(W, M.D., K.K.C.r.. T.fCUircr on Chemistry and on 
Me<lical Jn.ispnidUice at Guy’s 1 Ios])ilal, Gfticiiil Analyst to the Home OfHce ; . 
:iin] Sir SlllRi KVp'. MuRTHY, Medical (Mlirer of Health of the Admiihsrt’ativ.e 
(\)iinty of i.imdon /I'.ditorsj. In Three Volumes. Royal 8vo. * With many 
• Kn^raviiigs, M:ij)s, Plates, M:c. , * 

VoU 1 . Air, hy Dr. j. L. iNoiter. Warnnnp^ and Ventilation, hy W. N. 
Shaw, h'. K.S. Meteoroloj:^}', hy G. J. Syn'ons, I'M’i.S. InHiience 
of Climate on Health, hy Dr. TheiHlore Williams. Water, by Si^ T. 
StcveiiMm. Inlluenee of Soil on Health, hy Dr. >Ioncklon Copeinan. 
1*00(1, by Dr. .Sitlnc> Maitin. Inspection ot Meal, hy Dr. E. \W' 
ilope. Clothing, by Dr. Pooie. I'hysical Education, hy^'J;^'' p. 
Tunes. Part., K.C.X.O. Paths, by Di. Hale Wliile*. ''The Dwell- 
mt;, hy Gordon Smith, P. K.I.P.A., and Keith 1 ). ^'oun^, K.R.I.li.A. 
Hosjatal Hygiene, by Sir 11 . G. Howse, i\l.S.* The Disposal of \ 
Refuse, hy Dr. ('oifKld .inrl Dr. E. Paik'es. Offensive and Noxious 
PusiiK.sst s,' by Di. Dime. .Slaugliter-llousei, !y Di. Pi. W. H(ipe, 
With 0 jf^alcs and iSb Ihigravings. Royal S\o. 2Sn v 

Vol. H.- '/ne Pathology and Etiology of Inlectious Diseases, hy Dr. Ph 
Klein, P'.R.S The Natuial Ilistoiy and l're\eihion of D feclious 
I liseases, by T. \\ . Thompson. X'aecination. by J)r. McVi^U. 
Marine Hygit.ne, by Di. 11 . E. Armstnaig. Mdiiaiy llygieiie, Tiy < 
Dr. J. E. Notter. Disposal of the Dead, by Sir T. f>.pencer Wells, 
Pail., and \'\ W . Eowntles, M.R.C.S. \’ital Slatisti('s, by Dr. 
K.insome. Duties of the Medical Otticer of Healtl), by Dr. Alfied 
Ash!))’. With .45 Plates and 54 Ihigravings. Royal S\o.' 32^. 

Vol. HE— The Eaw ulatmg to tlie Public Health in England and 
Wales, Scotland and Iieland. Royal 8\o. 2o.\. 

^ P'.ach of the aitieles in Vol. HE is b\ a gentleman of recognised legal 
aliilit), otficKill) engaged m the admimstralion of the law' of that part a[ the 
Cnilcd Kingdom tn which his artide lelatcs, tliongh for departmental icWms 
the names of the writeis do not appear. 


Subjective Sensations of Sight and Sound, 
Abiotrophy, and other Lectures. 

P) Sii Wm. R. Gowlrs, M.D , P'.R.C.P., P'.R.S., Physician to tin. National 
Hospital toi the Paralysed and I'.pilcptic. With lllustiations. 6j. net. 


Diet and Food, 

Consideied in Relation lo Strength and I’owei of Endur.ince, Training and 
Athletics. Py Auxandl^* Hail, M.A., .M.D., f .li.C.l*., Physician 
to the Metropolitan Hospital and the l<(»yal Hospital tor (Children and 
Women. .Sisth Edition. Crow'ii 8vo 2 s. net. 


Alcohol Tables, 

Gi\ing for all .Specific GiavRie‘| from i fxioo lf> ^^7938, the IVrcentages of 
AbsolutefAlcohol, by Weight .and by Voliinu', and ( 9 f Proof Spirit. By OtJ’O 
Pk-JlNLK, P’.I'.i^., iMblic Analyse for the IsV(''f Wight aiuH^the Popoughi^iof 
Derby and Rydc. Royal 8vo. 31. (xf 
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Butter, its Analysis l.nd A(^lterations. 

Specially treat ing of the Detection and Determination of Foreign Fats. By 
Otto fTEHNhR, F.C.S., and Arthtr Anoei.l, Public Analyst 

’ tj th^C'iamy of Southampton. Second Kdition. With Kngravings. Prtst 
8vo, 3?. 67 , 


A Text-BoQk of Bacteriology. 

M Stlknurkg, M.D., LT,.()., Surgcon-ncncrallbS. Army. Second 
’ I'diti^jif illustrated by 0 lleliolype and ('hroino-hlhographic IMates and 198 
Engravings m tne Tc\t. 8vo. 26\. 

^A\iCr/T/t).Y/'./\* “ Kmljodifs .ill its i-iil^puigrC'S . ft well illustmtetl with several 
, olouretl nlati'S i.id repiufhirti.Mis of phototii.iplis ' ^ 

EP/iV/il'h'i 1 Vi 1 A.— “ I'lir authoi has ^{uiicil no pains to bring it 

ih'iruughly m date, vnd to lender it a thoiouglily reli.ah|e guide to lli^suident and practitioner of 
rr.edi< iiic." 


« J» 

A Mani^al of Bactc*ri61ogy. 

Clinical and Applied ; with an aVppendix on Bacleiial Reme(,|iys, tS:c. By 
Rk^iaki) 'P. IIkwieiT, M.l)., F.U.C.P., D.lMl, J^rofessor of General 
FAthology and Baclciiology in King’s College, London, Second Edition. 
With 20 Plates and 66 Tllustrations m the Text. Post Svo. I2t. 67 . 

% 

PRACTITIONEK.- “ Wt liave iea*l the hook with gieat interest throughout, and have found 
the style so concise and clear that the t.isk of icadine is icndcred a pleasant one. . . Very careful in 

deductions and accurate m ilosr options. ” 

Of groat value to llic student An .iccurate and s.'ife guide. 

HRITlSIt M EPICAL JOdR XAL.— ' \n eniiucutly piactlcal volume of die highest value in 
the laboraloiy.” 

77/1//'- S.--“ Clearly wrillen . . . almud.aiidy illustr.iled." 


An Introduction to the Bacteriological Exami- 
nation of Water. 

Bv 11 . Hokrocks, M.B., B.Sc. Lond., Assistant Ihofe.ssor of Military 
r- ~iene in the Stalf MediL.'il College; Majoi, Royal Army Medical Corps. 
Wii^iivc r,.;hographic Plates. Svo. lOv. 67 . 

LANC h r. “1 “ Ilor*-ocks h.is m.'idt' a veiy v.ilu.ildt* ( ontrilmtion Id oui knowledge, not only of 
water hactcn.i in 'g«i|^er d, ’ ut also of pathdgenii b.icleri'i whidi gain access to water supplies in 
particular, ilis \iews .is to tin. most olVu leiit methods of conducting the luLlenoIogical evaminatioii 
of W'Uter arc based mi jn.u deal icsearihes " 


The stery of Life: 

An ICssay in reply I^. CjIiIPs Ait|clv*on the Theory of Vitality in hit 
Farveian Oiiitionffir 1870J Hy Lionel S. Beai.e, M.B., F.R.S., F.R.C.P., 
L«ieritu.s yrofessoruf M|/’iue in King’s College, and late Senior Phfsi^iftikte 
‘ the Uo.spilal. With 2 CTiloi ed Plales. Croivn Svo. 3J'. 67 . 



14 


J. & A. Churchills Science List. ' 

A Manual of Dental Aicatomy, ' Humaij an# 
'CompJirative. 

By C'lfARLKs S. Tomes, F,R.S. Sixth Eilition. With 286 EuijrauVi^s. 
bd. net. ,1 * 

The Labyrinth of Animals, including Mammals, 
Birds, Reptiles, and Amphibians. 

By Alhekt a. ('«ray. M.I). ((Bas.), h'.R.S.E., Suri^con for IhieasLS of ilf? 
Kai In the Victoria Iiifiimary, Glasgow. Vo!. I. With Slertt^'opic 
Plates. 21 net (including Stereoscope). '' 


Manual of the Anatomy of Vertebrated Animals. 

l*y Tik'MAS Ilylluxi.FA, K.R.S., Rinf,' 'Or o(‘ \;\tmulNli^l(try lo 

the Royal Schn//i of Mines. With no Engia\ings. Post 8vo. F2f. 


The Comparative Anatomy of the Domesticated 
'Animals. 

By A. CliALTVKAr. M.I)., LL.D.. Inspcetor-fjeneral o( Veterinary Schools 
in^Krani'e ; I'lofessoi at the Museum ol X.itural History, J*aiis; and S. 
ArlOINO, Ihreetm of the Ly«inb Veteiinary .School; Triiiislaled ami Edited 
by Georc'.k Fi.f.mim;, late Piinnpal Velerinniy Suigeon to the Hiitish 
Army. .Second Edition. With 585 Ihigiaving.s. S\o. 3IA. 6(/. 

Contributions to the Knowledge of Rhabdo- 
pleura and Amphioxus. 

By E, Ray J.ankksi i:u, M.A., LL.l)., h'. R.S.. l.inftcie Brofc'^sor of Human 
and C’oIU|)arilli^c Anatomy in the I’niveisit) oj Oxford. With to Plaks. 
Royal 4I0. 5\. net. 


Practical Lessons in Elementary Biology, 

For [nnior .Student'. By Pevion T. Pj. BkAi!,, h.R.t' S., 1 >eim>nslrat(».iMi f 
Phjsiology and Leetuier on Fdement.iiy P>i..log\ in King's ('olh^-, Eon(hm, 
and Assistant Siirgecm to ilw Ilospit.il. Clown Svo. 3 s. 


A^Contrlbution to the History of (?he Respiration 
of Man, 

Being the Cioonian Lectun^*; delivered before the Koval College of'i’hysician.s 
in x 89V 'vith .Supplementary Ifamsideratioifs of Ithe Methods of Inquiiy and 
Analytical Results. By William MarceIL M.I )., F.K.(' v R WiiL 
^ Diagrams, Imp, Svo, 5.V. 6if, ' ® 
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he dhemtstfy and Physic^-of Dyeing. 

• * Bv W. Brkaper, K.LC, F.C.S. With IllustraWon*-. Svo. io.v. 6^/. net. 

ioaps and Candles. 

By 1aM!!.s Camlros, i M.C. Second Edition. Will) 54 Engravings 
C)Own 8vo. 7;. 


5rewing, uistilling, and Wine Manufacture: 

Giving Dlri'C.fons foathe Manufact«irc of Beers, Spiiits, Wines, Liqueurs, &q. 
By JnilN Garunkr, Kl.C., F.C.S. With Engiafmgs, Crown 8vo. 6s. 6(/. 


rh^'Book of Receipts: 

Ciml-imii’K ;i Veli-riiiiiry 'lad'ria Mcdica, witli ra"-criplini- illu'.lratinj^s^ 
Employuienl of Drrj^s iit (general L'.sc for the Tre:ilnienl of the mo^ 
Common Ailments of Animals ; comprising also a Phaimaccutii^ Formulary 
foA ^he Maniifactine of I’roprielary Article.s, Toilet JTcparations, Dii^et' 
Articles, Household Specialities, tS:c. A Pholograj^hic l-'ormiilary. A 
Srnopsis of Practical Afethods employed in the Examination of Eri^e, Milk, 
Potahlc Waters, Sputum, &c., together with numerous Chemical and other 
Tables likely to be of use to I'liarmacists and Manufacturers. (The Eleventh 
^Mition of Keasle>’s Book ) With lo IMates. Crown 8vo. •]$. G(L net. 


Cooley’s Cyclopaedia of Practical Receipts, and 
Collateral Information in the Arts, 
Manufactures, Professions, and Trades, 
including Medicine, Pharmacy, Hygiene, 
and Domestic Economy; 

pe ^ed as a Comprehensive .Supplement to the Pharmacopo'ia, and Genera 
‘k of Eefereuce foi the Alanufucturer, Tradesman, Amateur, and Heads o 
Faiflkics. Seventh Edition. By Wii.l 1AM Nr>R ni, M. A., F.C.S., assislet 
hy .severa’ scientific conirilmlor',. With 371 Engravings. 2 voK. 8vo. 425 

JVW TURK.— ' 'fH -.wi.fk is im ended as a jimeraJ liootof refcieiict' foi maimracnireis, tradfsiner 
amateurs, and . el faiTidies, and conuiuis inl'innation upon .dl suits of subjecLs, from a list i 

abbreviations iis'Uallj’^ miploynl m writing, to a dosMiplion of the rare metal /iiconinm. Belwee 
these two articles wc fiixl nonces okthe luetluMls of hiewmg, uud the pn>pei wuyg'i^IayiinT bricks an 
vchtilrU*.i<t houses, /<GMiatnrAuad rmitment of biokcn wind in horses, the cuinpasUion of 
aperient, an<l tonic oills, the pnirlice »»f photogr.iphy, the nature uf infective diseases in m.in ^ 
beast, the d A. uciion of laierpill.irs in plants, the best kind of clothes to wear, and the methmi i 
takinil, 'Hy ei) > outs out of cloihitia. From ihes<^‘ s.amples i>. the contents it will be seen that the lioc 
is leaily a u^fst tsxtraordinary work of leferem.e, and one which is not likelv lo lie idle on tl 
’1-’ ■ biifto lie more Or less in constant use. The worEof revision has cvulentlj neen careful 

uonc, and must Jiave oecn one oAno s^.dl labour, as ii|ha«fbeen brought well up to date, and mar 
articles must be entirely new. •^Ihe gilsf practical utifiiy of the work is .shown hp the laiue circpl 
tto»- it h. enjoyed for ni.tny years, aig JFie editor has done hi.s best to maintain the w n ifai a r erve 
I'^t ! lon^f the bu(i. 
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